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FOREWORD
PUBLICATION of this Annual Report came on 
the heels of the celebration of the 20th founda­
tion anniversary of the Southeast Asian Fisheries 
Development Center (SEAFDEC) in December 
1987. The Aquaculture Department (AQD) there­
fore dedicates this report to SEAFDEC in praise of 
its history of achievements in the past two decades.
As a unit of the Center, AQD is not as old, 
having entered the scene only in 1973. But with 
the support and encouragement of the SEAFDEC 
Member Countries, cooperating international or­
ganizations, and the Philippine government, AQD 
was soon in the thick of fisheries development in 
the region. It was given the task of developing 
modern technologies that would optimize South­
east Asia's vast potentials for aquaculture and thus 
ease the serious food problem faced by the ever­
growing population in the SEA countries.
Research and development studies on various 
aspects of aquaculture, manpower training, and in­
formation dissemination have been the basic tools 
with which AQD sought to realize its mission. That 
the Department has stood well in these endeavors 
can be seen in the dramatic growth of the aquacul­
ture industry in the region, especially in the Philip­
pines.
The production and export of highly market­
able cultured species such as prawns became a 
major source of national income. More than this, 
however, AQD has greatly helped to diversify 
and enhance the social dimension of the industry 
by putting emphasis on increasing the productivity 
of the small fish farmers through transfer of 
technology, training, and greater access to informa­
tion. This thrust of AQD activities and work 
programs has been made more visible lately, 
following the policy of the new government of 
the Philippines to tru ly democratize the distribu­
tion of wealth in the country. It means the effec­
tive implementation of the social justice concept 
which under the present circumstances should 
favor more than the poor that form the majority 
of the population.
The promotion of aquaculture has acquired 
added significance in recent years. This is due to 
the decline of traditional and conventional fish 
production as a result of overfishing which has de­
pleted the natural stock. We can add the massive 
loss and environmental degradation of known fish 
habitats and breeding grounds like the mangrove 
and coral reef areas.
However, we may not find solutions to  the 
problem by simply expanding or intensifying con­
ventional aquaculture practices. Expansion would 
mean further intrusion into natural coastal fish 
habitats like the mangrove areas, with obvious 
negative consequence to the productivity of coastal 
fishery. Intensification of pond culture is con­
strained by the high cost of farm inputs, incidence 
of fish diseases, and lack of needed infrastructure.
A shift or redirection of AQD's mission there­
fore points to the promotion o f alternative systems 
that would integrate the positive values of captive 
and capture fisheries without compromising the in­
tegrity of the marine and coastal environments. 
The Department looks forward to be an instrument 
of innovative aquaculture systems, particularly 
mariculture or seafarming as successfully adopted 
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Acronyms and 
Abbreviations
ADSEA — Aquaculture Development 
in Southeast Asia
AFSSRN — Asian Fisheries Social 
Science Research Network 
AQD — Aquaculture Department
ARC — Artemia Reference Center
ATOP — Aquaculture Technology 
Outreach Program
BFAR — Bureau of Fisheries and 
Aquatic Resources
BFS — Binangonan Freshwater Station 
BRAIS — Brackishwater Aquaculture 
Information System 
CAL — Centralized Analytical Labora­
tory
CCL — Centralized Chemistry Labora­
tory
DA — Department of Agriculture
FAO — Food and Agriculture Organi­
zation
ICLARM — International Center for 
Living Aquatic Resources Manage­
ment
IDRC — International Development 
Research Centre of Canada
IFREMER/COP — Institute Francais 
de Recherche pour L' exploitation 
de la Mer Centre Oceanologique du 
Pacifique
I FS — International Foundation for 
Science
LBS — Leganes Brackishwater Station
NACA — Network of Aquaculture 
Centres in Asia
PCARRD — Philippine Council for 
Agriculture and Resources Research 
and Development
TLRC — Technology and Livelihood 
Resource Center
TRS — Tigbauan Research Station
UP-MSI — University of the Philip­
pines Marine Science Institute
UPV — University of the Philippines in 
the Visayas
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OVERVIEW
OPERATIONS of the SEAFDEC Aquaculture De­
partment (AQD) revolve around activities aimed at 
developing the potentials of aquaculture in vastly 
contributing to the food production programs of 
countries in Southeast Asia. To achieve this objec­
tive, AQD undertakes comprehensive research stu­
dies on culture of various fish species and applica­
tion of modern and appropriate aquaculture tech­
nologies, as well as effective/innovative manage­
ment technique. Complementary efforts are pur­
sued in training the necessary manpower, including 
scientists and researchers, resource managers, field 
and extension workers, business entrepreneurs, and 
the small fish farmers. Valuable information come 
out from all these activities, which the Department 
processes, stores, publishes, and disseminates to as 
wide an audience of users as possible.
Taking up the more economically important 
fish species, AQD's studies focus on four research 
areas, i.e., breeding; farming systems; feed deve­
lopment; and fish health of finfishes, crustaceans, 
and molluscs. Among the targets are: 1) the pro­
duction of an adequate supply of quality seeds 
from natural sources and by artificial breeding; 
2) improvement of culture techniques which in­
cludes water quality management practices; 3) for­
mulation of low-cost feeds and propagation of 
natural food organisms; 4) control of pests, pre­
dators, and fish diseases; 5) improvement in the 
design of culture facilities; 6) control of aquatic 
pollution in relation to aquaculture; and 7) im­
provement of stocks through genetic selection.
During the year under review, a total of 83 
studies under the four research areas were con­
ducted. Thirty of them were completed per 
schedule. These will add to the contributions 
of AQD in introducing improved aquaculture tech­
niques and production systems that continue to 
raise the level of the aquaculture industry in 
Southeast Asian countries. Research outputs of
the Department, since its establishment in 1973, 
have for example played a major role in the rapid 
growth of the prawn industry in the Philippines. 
Gains have also been achieved through refine­
ments in the culture of economically important 
species of finfish, mollusc, and crustacean.
In manpower training, AQD has in the past 
14 years already trained more than 7,000 techni­
cians and aquaculturists coming from the Philip­
pines and other countries, many of whom have 
risen to responsible positions in government or 
achieved remarkable successes in. private industry. 
The Department has also conducted consultation 
meetings with the scientific community and the
TRAINEES packing prawn fry for transport after a success­
ful hatchery operation.
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academe, with extension workers and the ordinary 
fish farmers; together with national/regional/inter­
national conferences and forums attended by 
multidisciplinary experts, policy-makers and 
planners, field workers, businessmen, and other in­
terested parties. Over the years, more than 20 of 
these gatherings have been sponsored by AQD.
The training and assistance extended to fish 
farmers, such as in pond culture, prawn hatchery, 
freshwater aquaculture, and mussel and oyster cul­
ture, are specially rewarding. Hundreds of these 
people have benefited from the workshops, semi­
nars, audiovisual demonstrations, on-site evalua­
tions, and extension services rendered by the 
Department.
The research, training, and extension activi­
ties are supported by a variety of information 
and communication programs. The information 
materials generated have not only served as prac­
tical guides to the application of modern aquacul­
ture techniques but have also enriched aquacul­
ture literature in general.
Finally, the Aquaculture Department has 
emerged as the biggest among SEAFDEC's three 
departments. The other two are the Training De­
partment in Bangkok, Thailand and the Marine 
Fisheries Research Department in Singapore. 
SEAFDEC AQD at present has a complement of 
581 regular employees manning the research 
stations and the management and administra­
tive offices. The research stations alone cover a 
combined total area of some 160 hectares located 
in Iloilo Province (Tigbauan, Leganes, and Igang) 
and Rizal Province (Binangonan, Laguna Lake 
area).
The success of past and present activities of 
SEAFDEC AQD no doubt has also relied on the as­
sistance and cooperation of non-member govern­
ments, international organizations, and Philippine 
agencies. Among the active participants in this 
cooperative scheme are the governments of 
Belgium and France, the International Develop­
ment Research Centre (IDRC) of Canada, Interna­
tional Foundation for Science (IFS), Food and 
Agriculture Organization of the United Nations 
(FAO), ICLARM/Asian Fisheries Social Science 
Research Network (AFSSRN), and Philippine 
agencies like the Department of Agriculture, Tech­
nology and Livelihood Resource Center (TLRC), 
and University of the Philippines in the Visayas.
PARTICIPATION o f the 
five SEAFDEC Member 
Countries (Japan, Thai­
land, Singapore, Malaysia, 
and the Philippines) is 
symbolized by the display 
o f their national flags in 
front o f the Research 
Building o f the AQD main 
research station in Tig­
bauan, Iloilo, Philippines.
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RESEARCH
STREAMLINING of AQD opera­
tions, which started late 1986, 
redirected the thrust and priori­
ties of research projects. This 
was achieved by setting the ob­
jectives of research activities into 
four main categories, namely, 
1) Breeding, 2) Farming Systems, 
3) Feed Development, and 4) 
Fish Health. Projects under the 
first two categories aim to im­
prove and optimize aquaculture 
production, while those under 
the latter categories support and 
complement the production ob­
jectives.
Breeding studies intend to 
develop techniques for mass seed 
production of economically im­
portant fish and shrimp species, 
and make them easier and 
cheaper to procure by fish 
farmers. One of the key objec­
tives in these studies is the re­
finement of larval rearing tech­
niques that will ensure the quali­
ty of the resulting seeds.
Studies in farming systems in­
volve the improvement of 
methods and techniques in pond, 
pen, and cage culture of finfishes 
and prawn. This includes eco­
nomic feasibility studies and as­
sessment of various fertilization 
schemes in relation to biomass 
production in brackishwater 
ponds and freshwater pens/cages.
Special interest has been given to 
the relationship between growth 
of cultured fish in cages and 
present ecological and environ­
mental condition of Laguna de 
Bay where AQD has its Binango­
nan Freshwater Station.
For feed development, AQD 
researches are geared toward the 
formulation of biologically effec­
tive yet economical fish and 
prawn diets. Efforts are directed 
to the determination of fish
BLOOD sampling o f milkfish.
DIAGRAM of a 10-m diameter float­
ing net cage showing the wooden truss 
frame, egg sweeper collector, and hapa 
net.
AQD ANNUAL REPORT '87 5
nutrient requirements, practical 
diet development, evaluation of 
indigenous feed resources, feed­
stuff digestibility, and digestive 
physiology.
For fish health, AQD research­
ers confront the problem of fish 
diseases which is a major factor 
in poor aquaculture production. 
These diseases could either be 
microbial, nutritional, or envi­
ronmental in origin. Hence, AQD 
researches in fish health particu­
larly deal with determination of 
possible adverse effects of com­
monly used pesticides on milk- 
fish and prawn, identification of 
pathogenic bacteria associated 
with some phytoplankton spe­
cies, control of the chronic soft- 
shell syndrome through dietary 
manipulation, and investigation 
of the ulcerative fish disease in 
Laguna de Bay, for example.
In 1987, a total of 30 research 
studies in all of the four research 
categories were Completed, while 
53 remain in progress. The ac­
complishment breakdown is as 
follows: 1) Breeding — 14 pro­
jects completed, 22 ongoing; 
2) Farming Systems — 8 com­
pleted, 14 ongoing; 3) Feed De­
velopment — 4 completed, 10 
ongoing; and 4) Fish Health — 
4 completed, 7 ongoing.
Following are the details on 
the various research activities en­






Research studies aim to develop quali­
ty finfish broodstock for marine and 
brackishwater farming. Studies which
have been implemented to date in­
clude dietary manipulation, monitor­
ing of gonadal development, hor­
monal induction of spawning, and 
selective breeding experiments of 
several marine and freshwater fin- 
fishes. Development of techniques for 
efficient handling and transport of 
naturally spawned eggs is continuing.
• Development of broodstock diet 
for milkfish in floating cages: Effect of 
lecithin on gonadal maturation. Six to 
seven years old milkfish in 10 m dia­
meter cages were fed diets enriched 
with lipids derived from soybean leci­
thin (SL) and cod liver oil (CLO). 
Milkfish fed the lipid-supplemented 
diets spawned four weeks ahead of fish 
fed ordinary commercial pellet (con­
trol diet). More spawnings were ob­
tained from fish fed the control diet 
(53 spawnings) compared to fish fed 
the lipid-supplemented diets (SL, 28 
spawnings; CLO, 25 spawnings; SL + 
CLO, 29 spawnings). Fish fed CLO- 
supplemented diet had the most num­
ber of eggs collected. The average 
number of eggs per spawning of fish 
fed the CLO-supplemented diet was 
about three times more than from the 
other groups.
• Development of an efficient 
method of collecting, handling, and
transport of newly fertilized milk­
fish eggs. Collection of naturally 
spawned milkfish eggs presently 
utilizes an efficient device consisting 
of an egg sweeper mounted on a wood­
en truss frame and a hapa net. Under 
simulated transport conditions of 2 
and 4 hours, mortality rates of milk­
fish eggs at an earlier developmental 
stage (5 and 10 hours post fertiliza­
tion stage) were significantly greater 
than mortality rates of eggs at a later 
stage of development (15 and 20 hours 
post-fertilization). Hatching rates of 
transported eggs were variable.
• National Bangus Breeding Pro­
gram. Using SEAFDEC AQD's egg col­
lection design and method, the total 
number of milkfish eggs collected in 
the four IDRC-assisted regions were 
(as of September 1987): Region I 
(Alaminos, Pangasinan) — 347,106 
eggs; Region III (Masinloc, Zamba­
les) — 290,560 eggs; Region VII (Ca­
lape, Bohol) — 2,744,042 eggs; Re­
gion XI (Sta. Cruz, Davao) — 371,560 
eggs.
• Determination of genetic variation 
in milkfish. Single gene analysis was 
done on a total of about 35 protein 
loci on samples of milkfish obtained 
from several sites. Results indicated 
that milkfish within Philippine waters
REARING milkfish larvae in the National Bangus Breeding Program hatchery.
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CHLORELLA culture tanks for the National Bangus Breeding Program Pilot 
Hatchery at Tigbauan Research Station.
came from a genetically homogenous 
breeding stock.
• Mammalian LHRH analogue-in­
duced spawning o f sea bass. A dose- 
dependent spawning rate (defined as 
the total number of spawnings per fish 
over four days) of mature female sea 
bass was demonstrated at pelleted 
LHRHa dose levels ranging from 4.75 
to 75 ug/kg body weight. Implanta­
tion of higher dosages of the hormone 
(150-300 ug/kg) resulted in a signi­
ficant decline in spawning rate. Sea 
bass eggs from spawners treated with 
the highest hormone dose had low fer­
tilization rates; hatching rates were 
not affected by the dose of the hor­
mone treatment. At all hormone doses 
tested, egg production levels were 
highest on the first day of spawning 
and declined on succeeding spawning 
days.
•  Evaluation o f the reproductive per­
formance o f hatchery-bred Siganus
guttatus broodstock fed different 
levels o f fat. The influence of diet in 
captive siganid broodstock on subse­
quent larval performance was tested. 
Formulated diets enriched with three 
levels of fat (12, 15, 18%) were fed 
to siganid spawners for four months. 
Larvae from spawners fed 15% fat in 
their diet yielded better survival rates. 
Aside from survival rate, yolk volume 
at hatching, oil globule volume, and 
larval length can, in part, be used to 
predict larval performance of siganids.
• Development o f salinity tolerant 
strains/hybrids o f Oreochromis nilo­
ticus for brackish water culture. I . Sali­
nity tolerance o f Taiwan-Singapore 
strain o f O. niloticus, O. mossambicus, 
and their F1 hybrids. Salinity toler­
ance of freshwater-spawned and reared 
Taiwan-Singapore strain of O. nilo­
ticus, O. mossambicus, and their F1 
hybrids of various ages was studied 
using MST (mean survival time), ST50 
(survival time at 50%) and MLS96 
(mean lethal salinity after a 96-hour ex­
posure) as practical indices of salinity 
tolerance.
Salinity tolerance generally in­
creased with increasing age of brood. 
Highly significant inter-specific and 
age-specific differences were observed
FEEDING sea bass larvae at the Breeding Section o f the Tigbauan Research Station (left) and removing debris and fouling 
organisms from sea bass cages at Igang Substation, as part o f cage maintenance (right).
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TILAPIA breeding cages are inspected for presence o f mouth-brooding females.
for all groups on the basis of MST and 
ST50 indices but not for MLS96 in­
dex. Salinity tolerance of 15-90 days 
old O. niloticus were significantly 
lower than those of corresponding age 
for O. mossambicus and F1 hybrids. 
MST was relatively the most reliable 
index for evaluating salinity tolerance 
in these species.
• Development o f genetic evaluation 
for Oreochromis niloticus broodstock: 
Growth and survival o f tilapia in aqua­
ria and net cages. Growth and survival 
of juvenile tilapia in aquaria and net 
cages were compared with the grow- 
out performance and quality of the 
same strains in commercial environ­
ments. Preliminary results indicated 
that an internal control population of 
"red" genotype can be used to statis­
tically correct the variability arising 
from environmental conditions in 
aquaria and cages.
• Development o f genetic evaluation 
for Oreochromis niloticus broodstock: 
Tolerance o f juvenile tilapia to salini­
ty, temperature, and starvation. Ex­
periments are in progress to develop 
an index of between-strain monitoring, 
comparison, and selection which is 
suitable for juvenile tilapia. These in­
clude the use of micro-developmental 
abnormalities in scale morphology to 
measure salinity, temperature — and 
starvation-related stress responses of 
fish.
• Monitoring o f gonadal maturation 
and rematuration o f bighead carp 
(Arishtichthys nobilis) reared in float­
ing cages in Laguna Lake. Monthly 
assessment of gonadal development 
of bighead carp broodstock in float­
ing net cages in Laguna Lake indicat­
ed a high incidence of mature fish in 
October and November. Some post­
spawning females were observed to un­
dergo gonadal rematuration. Initial 
biological and physico-chemical data 
of lake water did not seem to have a 
significant correlation with the sexual 
maturation cycle of bighead carp 
broodstock.
Finfish seed production. Research 
studies in finfish seed production were 
geared toward the pilot-scale produc­
tion of milkfish, sea bass, and siganid 
fry. Development of practical diets for 
weaning and rearing finfish fry is con­
tinuing.
• Research and development o f fin­
fish hatchery technology: Effect of 
water management and feeding re­
gime on milkfish larvae. Based on size 
and weight, a stocking density of 30 
larvae per liter was found to be most 
appropriate for mass-producing milk­
fish fry. Growth of larvae was com­
parable in tanks where water change 
and bottom siphoning were done on 
alternate days to those reared in tanks 
where water change was done daily.
• The rearing o f finfish larvae to me­
tamorphosis using practical diets. I. 
Milkfish — effect o f dietary energy 
levels. Artificial diets levels were in­
troduced to milkfish larvae at Day 10 
after hatching, and live food complete­
ly withdrawn at Day 13. Survival on 
artificial diet was from 3545% and 
about 60-70% with live food while 
growth rate was generally lower with 
artificial diets. Effect of dietary energy 
levels appear to be obscured due to 
diseases and deterioration of water 
quality in tanks where artificial diet 
was used.
• National Bangus Breeding Program 
Project (NBBP) pilot hatchery. A 
model milkfish hatchery is in opera­
tion to determine the economic via­
bility of the production technique de­
veloped at AQD. Verification of the 
existing technique to mass-produce 
milkfish fry is now being done at four 
NBBP sites.
• Stock assessment o f milkfish fry 
near NBBP sites. Daily milkfish fry 
collection along the shores of two 
NBBP sites (Bohol and Pangasinan) 
was done to investigate possible mi­
gration routes of eggs and larvae from 
spawning site to fry ground. An im­
proved egg and larval trawl net for 
milkfish was tested and found to be 
effective. Milkfish fingerlings can now 
be caught in great numbers near these 
sites where none has been reported 
prior to spawning of captive milkfish 
broodstock in these sites.
• The effect o f thyroxine on the 
growth and development o f sea bass, 
Lates calcarifer. Metamorphosis of 21- 
28 day-old larvae can be advanced by 
thyroxine treatment. However, de­
pending on the developmental stage of 
the larvae, thyroxine treatment caused 
spinal deformation and fin differentia­
tion.
• Weaning o f sea bass larvae to arti­
ficial diets and rearing them to meta­
morphosis. Sea bass larvae were suc­
cessfully weaned abruptly or gradually 
to artificial diet as early as Day 10. 
Larvae weaned to artificial diet start­
ing Day 15 and Day 21 had significant­
ly better growth and survival.
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TECHNICIANS (top) monitor physico-chemical parameters in floating cages 
with carp breeders. Below are flexiglass jars used for hatching carp eggs.
• Feeding ecology/biology o f Lates 
calcarifer: Effects o f feeding levels and 
delayed feeding o f Artemia on growth 
and survival. The feeding biology of 
sea bass larvae was investigated to de­
termine the effect of different feeding 
levels of brine shrimp on their growth 
rate. Best survival was obtained when 
sea bass larvae were fed 1 individual/ 
ml/day. Likewise, better growth and 
survival were observed when Artemia 
nauplii were initially given on day 15 
or 18 than on later dates.
• Feeding ecology /biology of Lates 
calcarifer: On satiation and digestion. 
Two methods (direct count versus 
computation method) were followed 
to determine the daily consumption 
of rotifers by sea bass larvae. A com­
parison of these two methods indicat­
ed a positive correlation between total 
length (TL) of larvae and amount of 
rotifer ingested.
• Feeding ecology/biology o f Lates 
calcarifer: Feeding pattern and be­
havior. Five phases of the feeding
habit of sea bass larvae were identi­
fied: a) a phase when larvae depend 
only on endogenous food (from hatch­
ing to about 2.5 mm TL); b) a phase 
when larvae start feeding on rotifers to 
the start of feeding on Artemia nauplii 
(to 4.0-4.5 mm TL); c) a phase when 
larvae take in both rotifers and Ar­
temia nauplii (to about 6.0 mm TL); 
d) a transitional phase of rotifer in­
gestion (to about 7.5 mm TL) in 
which the number of rotifer ingestion 
increased when only rotifers were 
offered as food; e) a phase when larvae 
attain the feeding habit of a juvenile 
(beyond 7.5 mm TL).
•The effect o f stress on the spawn­
ing and first feeding o f Siganus gutta­
tus larvae. Spawning studies through 
hormonal manipulation were similarly 
conducted on siganids (Siganus gutta­
tus). Results showed that captive 
siganid broodstock respond well to 
exogenous gonadotropin injections in 
addition to stress-related factor(s) en­
hancing regular monthly spawning 
activity. Preliminary data indicated 
that captive broodstock can be hor­
monally induced to breed throughout 
the year.
• Evaluation o f selected live food or­
ganisms for rearing bighead carp (Aris­
tichthys nobilis) post-larvae. After a 
21-day rearing period, high growth 
and low survival rates were observed 
when bighead carp post-larvae were 
fed Artemia nauplii at 300% of the 
total fish biomass. Low growth and 
high survival rates were observed with 
post-larvae fed nauplii at a ration of 
100% body weight. Fish grew and sur­
vived best on Artemia nauplii. Lake 
zooplankton-fed fish had lowest 
growth and survival rates.
Crustacean broodstock development.
• Assessment o f male maturity using 
Penaeus monodon broodstock o f 
various sizes and ages. Histological 
analysis of samples collected weekly 
from 155-245 day-old males is in 
progress. Preliminary results of mor­
phometric measurements from pond-
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MACROBRACHIUM rosenbergii larvae are fed with Artemia 
nauplii (bottom). A t right are live specimens o f the freshwater 
prawn Macrobrachium rosenbergii Northeastern Morph.
reared and captive males indicated go­
nad development of ablated and un­
ablated pond-reared males.
• Characterization o f ovarian matura­
tion stages in P. monodon: Histology 
and histochemistry. Effects of abla­
tion on histology, oocyte frequency, 
morphometrics, and egg size in wild 
and pond-reared P. monodon were 
determined at different stages of 
ovarian maturation. Ovarian histology 
was similar in wild unablated, wild 
ablated, and pond-reared ablated 
females having the same ovarian matu­
ration state. Ablation of wild prawns 
significantly decreased the number of 
smaller (proliferating cells) oocytes 
only. Ablation did not significantly af­
fect carapace/body lengths and body 
weights of wild and pond-reared 
prawns although body lengths and go­
nad/body weights in ablated samples 
were significantly lower.
• Histological and histochemical stu­
dies on the hepatopancreas o f Penaeus 
monodon with special reference to 
molting and gonadal maturation. He­
patopancreas during the early pre­
molt stage of P. monodon lost its 
cellular integrity with the apparent 
collapse of hepatopancreatic cells. The
condition of these cells improved, 
however, during the inter-molt and 
early post-molt stages. Esterase acti­
vity in hepatopancreatic cells was in­
tense during the inter-molt stage but 
decreased during the pre- and post- 
molt stages.
• Effect o f light quality on matura­
tion and survival o f Penaeus mono­
don. Wild unablated P. monodon were 
subjected to various ligh t wave-lengths 
in 12 m3 tanks for 2 months. In terms 
of the number of spawns, the total 
number of nauplii produced and 
hatching rates, exposing prawn brood- 
stock to green light gave better results 
compared to natural, black, and cool 
white lights.
• Effect o f temperature and photo­
period on maturation and spawning of 
P. monodon. Pond-reared prawn 
broodstock were exposed to 20°C for 
30 days after which time they were ac­
climated to 28-30°C. Gonadal deve­
lopment did not progress beyond the 
initial stage at the start of the test.
• Maturation and spawning o f ablated 
and non-ablated Macrobrachium rosen­
bergii. Ablation of M. rosenbergii did 
not advance spawning compared to 
non-ablated prawns. Rematuration of
ablated females occurred at 6-26 days 
after release of larvae. Incubation to 
hatching lasted for 18-24 days. Larval 
production of both ablated and non- 
ablated prawns were similar.
• Effect o f different protein levels on 
the maturation/rematuration o f Ma­
crobrachium rosenbergii. Feeding im­
mature M. rosenbergii high protein 
diets containing 35-45% crude protein 
resulted in more spawns.
• Feeding habits o f larval stages of 
P. monodon. Food selectivity was de­
termined by measuring selectivity in­
dices and consumption rates of d if­
ferent larval stages of P. monodon 
given mono-algal diets and phyto­
plankton mixtures. Chaetoceros, Ske­
letonema, and Isochrysis were highly 
preferred by zoea 1. Tetraselmis was 
a consistently preferred food of lar­
vae from zoea 2 to mysis 2 stages.
• Effect o f salinity, temperature, and 
pH on ammonia excretion rates o f P. 
monodon larvae. Preliminary results 
suggested that differences in salinity 
and pH should be considered in trans­
ferring or harvesting post-larvae. Post­
larvae acclimated to 32 ppt sea water 
excreted significantly higher ammonia 
when transferred to diluted sea water.
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In contrast, post-larvae transferred to 
higher salinity (40 ppt) showed 
a decrease in excretion rates of about 
15% of control values. pH influenced 
ammonia excretion rates more than 
salinity since 40% of post-larvae trans­
ferred to sea water of pH 9.2 were 
moribund after two hours of expo­
sure.
• Temperature-salinity tolerance o f P. 
monodon larvae. Salinity tolerance 
of different stages of P. monodon at 
29°C was investigated. Zoea and mysis 
and early postlarval stages had better 
tolerance to higher salinities. Total 
mortality of all larval stages was ob­
served at 12, 16, and 50 ppt.
• Comparative economic analysis of 
Penaeus monodon hatchery opera­
tions: High vs. low density o f algal 
food vis-a-vis low vs. high larval stock­
ing rates. A comparative economic 
analysis of P. monodon hatchery 
operations, high vs low algal density 
vis-a-vis high and low stocking density, 
was conducted. Preliminary results 
showed that when fed 50 000 cells per 
ml of Chaetoceros calcitrans, the 
post-larvae (PL5) experienced delayed 
molting and very low survival as com­
pared with treatments using higher 
algal densities.
• Effect of different method o f dry­
ing and storage o f locally produced 
Artemia cysts. Different drying tech­
niques to preserve the quality during 
storage of locally produced Artemia 
cysts were tested. Fluidized bed dry­
ing, air drying, sun drying, and oven 
drying were compared to storage of 
cysts in brine. Results suggested that 
hatching rates are affected by the 
method of drying, location or environ­
mental condition during culture, and 
length of storage.
• Intensive biomass culture o f Ar­
temia in air-water lif t  raceway and 
flow-through systems. The introduc­
tion of a semi-flow-through system in 
Artemia culture enhanced production 
of biomass from 0.5-1.5 kg/ton (using 
an air-water lift raceway) to 5-7 kg/ 
ton.
• Culture techniques for the deve­
lopment o f small-sized strain of 
Brachionus plicatilis. Different algal 
diets were tested as food for Brachio­
nus plicatilis. Higher reproduction rate 
for the six strains of B. plicatilis was 
obtained using Tetraselmis and Chlo­
rella virginica. Generally, Isochrysis 
and Nannochloris-fed Brachionus had 
low population densities. High popula­
tion growth rate (exponential phase) 
occurred on the second to the fifth 
day of culture for all strains fed the
five algal test diets. Culture experi­
ments also indicated that lower salini­
ty favored high production of Tetra­
selmis-fed Brachionus. This study is 
aimed at optimizing the quality and 
production of natural food for larval 
and postlarval shrimp.
Other study in progress:
• Optimal growth conditions o f the 
marine diatom Skeletonema costatum 
in large outdoor continuous culture.
THE Leganes Brackishwater Station maintains Artemia outdoor ponds (top). 
Intensive indoor Artemia production in fiberglass tanks at Tigbauan (bottom).
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FARMING SYSTEMS
Pond culture
• Culture o f sea bass (Lates calcari­
fer) in ponds: Effect o f stocking den­
sity. Sea bass fry with initial mean 
weight of 0.5 g stocked at 5/m2 and 
7/m2 reared in nursery ponds for 45 
days were fed a moist diet composed 
of 75% commercial pellet and 25% 
trash fish. They were fed twice a day 
at 20% of biomass for the first week 
and 10% thereafter. Fry stocked at 
5/m2 had higher mean survival (47%) 
than those stocked at 7/m2 (30%).
• Growth and survival o f siganids at 
various stocking densities fed different 
natural food sources. Siganid fry 
(average body weight of .024 g) were 
stocked at 3, 5, and 7/m2 in earthen 
ponds with either filamentous green 
algae (lumut) or Gracilaria sp. as food 
source. Those stocked at 5/m2 and fed 
"lum ut" attained average body weight 
of 8.4 g and survival of 77.9% after 45 
culture days. Fry stocked at 7/m2 
with "lum ut" as food had mean sur­
vival of 32.3%. Survival rate was higher 
for those fed "lum ut" at stocking den­
sities of 3 and 5/m2 than at 7/m2. 
Those fed Gracilaria sp. at stocking 
density of 7/m2 grew the least (2.11 g).
•  Effects o f stocking density and 
food on growth and survival of 
groupers. An experiment was con­
ducted for 12 weeks to determine: 
a) effect of stocking density (1, 2, 3, 
and 4 individuals/m2); b) amount of 
feed (1, 5, 10, and 15% of body 
weight); and c) feeding frequency 
(once or twice/day, once in 2 days, 
once in 3 days) on growth of Epine­
phelus malabricus with initial mean 
weights of 100 g. Results showed no 
differences in growth at all the stock­
ing densities, however, animals fed 
once a day at 15% of biomass had the 
best growth.
• Improvement o f extensive prawn 
production using aquatic macrophytes 
as food organisms in brackishwater 
ponds. At a stocking density of 4,000/ 
ha, preliminary results indicated that
prawns reared for three months in 
"kusay-kusay" (Ruppia maritima) and 
plankton ponds attained higher mean 
survival, mean final weight, and gross 
production than in "lablab" or " lu ­
mut" ponds. Salinity during the 
culture period ranged from 32 to 49 
ppt.
• Comparative study o f various 
SEAFDEC-formulated feed and com­
mercial feed in semi-intensive culture 
o f P. monodon. P. monodon juveniles 
fed various feeds were stocked at 5/m2 
and reared in 350 sq m ponds for 103
days. Results showed that animals fed 
grower and finisher feeds containing 
45.6 and 46.3% crude protein, respec­
tively, attained the highest average 
final weight of 27.13 g while those fed 
grower and finisher feeds with 59.5 
and 53.6% crude protein, respectively, 
had the lowest mean final weight 
(18.5/g). Survival rates were similar 
for all treatments, and ranged from 
83-89%.
•  Natural food succession in ponds 
using different organic fertilizers. Dia­
toms and gastropods comprised the
BROADCASTING feeds over a prawn pond of the Leganes Brackishwater 
Station.
INSPECTION and maintenance o f siganid cages at the Igang Substation.
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benthos in the fertilized ponds. 
Analysis of the benthic community in 
each of the treatments is in progress.
• Prawn culture techniques for ponds 
with free-flowing tidal  water. A cul­
ture system wherein free-flowing tidal 
water is utilized for rearing P. mono- 
don juveniles to marketable size is be­
ing assessed. The 0.1 hectare pond 
located at the mouth of the creek 
(Gui-gui creek) was designed in such a 
way that a 12 meter wide inlet 
wooden gate allows 90 to 100% of 
water exchange during highest high 
tide. Pond depth is around one meter 
during low tide. At a stocking density 
of 9/m2 and feeding commercial feed 
at 4-8% of body weight 4 x a day, 
prawns weighed 14.0 g after 45 days 
from an initial average weight of 3.3 g.
• Production of Artemia cysts and 
biomass in earthen salt-ponds. The 
evaporation compartment of a 1.1 
hectare salt-pond system was inoculat­
ed with Artemia cysts from Great Salt 
Lake, Utah at a stocking density of 
50 nauplii/liter. Cysts and biomass 
harvested after a month of culture 
were analyzed for hatching quality, 
storage, and nutritional quality. A 
total of 1,000 sacks (50 kg/sack) of 
salt was also harvested in the crystalli­
zation area.
• Factors a ffecting mass production 
o f Moina and Brachionus in culture 
tanks. Moina was cultured in chicken 
manure and water hyacinths contain­
ing various levels of phosphorus 
(P04-P) (0, 1, 5, and 10 mg/l of cul­
ture medium). Results showed that 
growth of Moina was inhibited as 
levels of P04-P were increased.
In a related experiment, partial 
harvesting and replenishment of 50% 
of the culture medium sustained 
higher production of Moina in culture 
tanks as compared to cultures of 
Moina where there was no harvest and 
replenishment.
Lake ecology
• Primary and secondary productivity 
studies and their relationship to fish
production in Laguna Lake. Five sta­
tions around Laguna Lake — West, 
Central, East Bays, West Cove, and 
Diablo Pass — were sampled for 
various ecological parameters. From 
January to March, the lake was tur­
bid with high total filterable solids 
and low Secchi disc transparency, 
hence, gross primary production and 
phytoplankton biomass were low. 
From April to June, water clarity 
improved and phytoplankton biomass 
was dominated by Anabaena and 
Closterium. Fish growth and 
zooplankton biomass increased. Lake 
level was also low (1.5-2 m) but rose 
by an average of 1 meter from July to 
September. Turbidity during the 3rd
quarter caused a decline in gross 
primary production, phytoplankton 
biomass, and fish growth. Therapon 
plumbeus (ayungin) was the do­
minant fish stock in the lake.
Important ecological events oc­
curred in 1986 and 1987. Lake 
production in 1987 was relatively 
lower than in 1986. There was more 
rainfall in 1986 which inundated lake 
shore villages while a significant 
volume of sea-water back-flow oc­
curred in 1987.
• Determination o f conversion fac­
tor o f natural foods for selected 
fishes in Laguna Lake. Fish growth 
in cages in the lake and those in
SCREENS are installed to prevent the entry o f fish predators (top). Below, 
a grouper pond converted from a milkfish pond.
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tanks were compared by quantify­
ing phyto- and zooplankton bio­
mass available in a known volume 
of lake water and related to the 
growth of stocked fish. Initial re­
sults showed tilapia in cages grew 
90% faster than those grown in tanks. 
Relative food conversion for phyto­
plankton based on chlorophyll a 
ranged from 3.9 to 6.6% efficiency for 
tilapia in cages and 0.12-0.44% for 
tilapia in tanks. For zooplankton, 
relative food conversion efficiency was 
4.3-7.2% and 0.13-0.48%, for tilapia in 
cages and tanks, respectively.
• Fish stock assessment o f Laguna 
de Bay. Thirty-nine (39) fishing 
operations, 15 experimental fishing 
trips, and 432 interviews were un­
dertaken from August-December in 
20 municipalities in Laguna and 
Rizal provinces to assess fish stock 
in Laguna de Bay. Results indicat­
ed a declining trend in fish catch 
from 3.14 kg/person/hr in August 
to 0.28 kg/person/hr in November. 
Fish were caught with a gear known 
as "Takibo."
• Nutrient dynamics in Laguna de 
Bay: The compartmentalization of
nitrogen and phosphorus in the eco­
system. Wide variations characterized 
the levels of nitrogen and phosphorus 
of water samples from the littoral and 
limnetic zones in the West, Central, 
and East Bays while the concentration 
of nitrogen was much higher than 
phosphorus in both photic and aphotic 
layers in all the stations. Sediments 
contained more phosphorus than 
nitrogen but no spatial or tempo­
ral trends were evident in both lit­
toral and limnetic zones of the three 
bays. Monthly fluctuations in phyto­
plankton biomass in the sampling sites 
were also noted. Results of the 
nitrogen-phosphorus ratio in the 
photic, aphotic, and sediment com­
partments of the lake indicated that 
the ecosystem was undergoing 
eutrophication and pollution.
•  Pollution in Laguna Lake: Toxic 
heavy metals in the sediments, water, 
and tissues o f selected finfishes. 
Sediment, water, and fish samples 
from San Pedro, Alabang, Sucat, and 
Pasig were analyzed for mercury, lead, 
cadmium, copper, and zinc. Water 
samples collected in February, April, 
June, and August showed mercury
values lower than 2.0 ppb, the per­
missible limit for water set by the Na­
tional Pollution Commission. Sedi­
ment samples from Sucat were gener­
ally higher (0.3-0.9 µg Hg/g) than 
those collected from the other station. 
Furthermore, Hg levels in the sediment 
ranged from 0.03-0.09 ppm dry weight, 
was below detectable to 1.4 x 10/4 
ppm in water, and below detectable to 
0.012 ppm wet weight in fish.
• Uptake and physiological effects 
o f mercury in Eichhornia crasipes. 
Physiological responses of water 
hyacinth to various levels of mercu­
ry (0.005, 0.1, 0.05, 1.0, and 2.0 
ppm) incorporated in Hoaglands 
half-strength nutrient medium was 
investigated. Plant ramets died after 
about a week when grown in nut­
rient medium containing 2.0 ppm 
mercury. Lower levels apparently 
had no inhibitory effect on root 
and stem growth, leaf expansion, 
and biomass production.
• Costs-and returns analysis o f newly 
developed aquaculture production 
systems in the Philippines. Of fifteen 
culture systems identified in a study 
on the economics of newly developed
WATER sampling in a prawn pond at Leganes (left). A t right are hapa nets for tilapia hatchery/nursery in Laguna 
de Bay.
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WATER sampling in Laguna Lake.
aquaculture production systems in the 
Philippines, only six culture systems 
were found to be feasible. These are: 
Prawn Milkfish Polyculture System, 
Milkfish Modular System, Prawn 
Modular System, Crab-Milkfish Poly­
culture System, Prawn Floating 
Nursery System, and Stunting of 
Milkfish Fingerling System.
• A socio-economic profile o f the 
fishpen industry at Laguna Lake.
Ninety-three percent of legal fish- 
pens covering 333 hectares of fish- 
pens was surveyed and 57 respond­
ents were interviewed at the eastern 
shores of West Bay. Preliminary re­
sults showed a drop in average re­
turn on investment, worsening eco­
nomies of scale, and longer rearing 
period for milkfish culture. Tilapia 
culture predominated over that of 
milkfish and bighead carp.
Other studies in progress:
• Socio-economic analysis o f the 
National Bangus Breeding Program.
• Growth and survival o f P. indi­
cus at different stocking density 
using various SEAFDEC-formulated 
feeds.
• Occurrence o f an off-flavor in 
"bangus" and t ilapia in Laguna Lake.
• Statistical analysis o f the size 
distribution o f selected freshwater 
species at different stages o f growth.
• Statistical  analysis o f the length- 
weight relationship of selected fresh­




• Lipid class composition and fatty 
acid profile o f spawned eggs o f m ilk­
fish Chanos chanos broodstock fed 
different diets. Spawned eggs from 
captive milkfish broodstock fed a com­
mercial pellet with or without supple­
mental lipid: (cod liver oil, soybean 
lecithin, and a combination of both), 
were collected, weighed, and freeze- 
dried prior to lipid analysis. Prelimi­
nary results showed that while there 
was no significant variation in weight 
and moisture content of eggs among 
treatments, average total lipid levels 
differed with the dietary treatments, 
i.e., no supplement, 18.8%; CLO-sup­
plemented, 17.4%; SBL-supplemented, 
21.4%; and CLO-SBL-supplemented, 
23.03%.
•  Lipid nutrition o f milkfish: Effect 
o f various levels and combination of 
n-3 and n-6 fatty acids. The essential 
fatty acid requirement of milkfish 
was determined using eight purified 
diets containing various levels and 
combinations of n-3 and n-6 fatty 
acids. Results suggested that milk-ANALYSIS o f the physico-chemical parameters o f water.
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fish require fatty acids of the n-3 
series. Competitive inhibition of n-3 
and n-6 fatty acids in a 1:1 ratio also 
appears to operate.
• Amino acid nutrition o f milk fish: 
Quantitative lysine requirement. The 
lysine requirement of milkfish was 
determined using six semi-purified test 
diets containing graded levels of lysine 
at 7-27 g/kg dry diet. Results sug­
gested that 20 g lysine/kg dry diet may 
be required by milkfish. The experi­
ments were subsequently affected by 
severe disease problems which re­
sulted in poor survival at the end of 
the 12-week feeding period.
• A reference fatty acid and amino 
acid profile for Lates calcarifer juve­
niles. Sea bass juveniles fed either of 
the following: enriched Artemia, rice- 
bran fed Artemia, trash fish and 
artificial diet containing different 
attractants, were analyzed for proxi­
mate chemical composition. Samples 
obtained at weekly intervals were 
analyzed for total lipid content and 
fatty acid profile. The amino acid 
profile of these samples will also be de­
termined. Results shall be used as 
basis for diet development of sea bass 
juveniles.
• The effect o f different dietary lipid 
sources on reproductive performance, 
tissue composition, and growth o f Nile 
tilapia (Oreochromis niloticus) brood- 
stock. Seven isonitrogenous and isoca­
loric diets were prepared as dry pellets 
and were fed to Nile tilapia brood- 
stock for 24 weeks. Five of the diets 
with fish meal as sole protein source 
contained cod liver oil, corn oil, soy­
bean oil, a commercial cooking oil, 
and the combination of cod liver oil 
and corn oil as added lipid sources. 
Fish fed diets containing cod liver oil 
had the highest growth increment but 
had the lowest total number of spawn­
ings and fry production while fish fed 
diets containing soybean oil had the 
highest total number of spawnings and 
fry production.
Crustacean nutrition
• Histo-physiological study o f Pe­
naeus monodon hepatopancreas fed 
with various supplemental histidine 
levels. P. monodon juveniles (initial 
mean weight of 0.53 g) were reared for 
26 days on semi-purified diets supple­
mented with various histidine levels: 
0, 0.21, 0.42, 0.63, and 0.84%. The 
diet that had similar histidine level to 
that of prawn muscle (0.63% level) 
gave the highest weight gain but was 
not statistically different from other 
treatment means. Survival rate was 
highest at 0.21% and lowest at 0.84%.
Result of the histological study 
showed that after 14 days of feeding, 
juveniles with 0.63% histidine-supple­
mented purified diet had the least al­
terations in hepatopancreas ultrastruc­
ture. Signs of hepatopancreas degene­
ration were seen in prawns fed diets 
with low added histidine levels (0.21 
and 0.42%) while those fed diets with 
0.84% supplemental histidine had 
hepatopancreatic cells showing intense 
development of endoplasmic reticu­
lum, pinocytic vesicles, and vacuoles.
• Effects o f dietary calcium/phospho­
rus ratio on shell quality o f P. mono­
don, Nutritional manipulation using
various Ca:P ratios in the diet were 
made to control soft-shelling disease in 
P. monodon. Tissue levels of Ca and P 
in prawns fed various Ca:P ratios were 
determined. Results showed that Ca 
levels in the hepatopancreas, exoske­
leton, and other tissues increased with 
the increased amounts of dietary Cal­
cium. Phosphorus, however, increased 
only in the hepatopancreas. An opti­
mum Ca:P ratio of 1:1 was found to 
be effective in improving shell quality.
• Digestibility o f protein at varying 
levels o f carbohydrate in formulated 
feeds o f Penaeus monodon. Four iso­
nitrogenous diets were formulated to 
contain 5, 15, 20, and 35% carbo­
hydrate. All diets contained animal to 
plant protein ratio of 2:1 and 1% 
chromic oxide as indicator. Prelimi­
nary results suggested that increasing 
carbohydrates in the feed decreased 
the assimilation of protein and fat as 
indicated by the increased amount of 
protein and fat in feces.
• Refinement o f SEAFDEC-formulat­
ed diet for pond-reared Penaeus mono­
don broodstock: Effect o f lecithin. 
The effect of dietary phospholipid on 
the reproductive performance of pond- 
reared P. monodon was assessed.
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SEAFDEC-formulated broodstock diet 
was refined to contain varying levels of 
soybean lecithin while maintaining cod 
liver oil at 6%. Lecithin levels were 0%, 
2%, 3%, and 4% for Diets A1, A2, A3, 
and A4, respectively. Results showed 
that Diet A4 promoted the highest 
number of spawnings, average number 
of eggs per spawning (fecundity), and 
percentage of complete spawnings 
while Diet A2 promoted the highest 
hatching rate.
• Refinement o f SEAFDEC-formulat­
ed larval diet for Penaeus monodon: 
Carotenoid levels. SEAFDEC-formu­
lated Carrageenan-Microbound Diet 
(C-MBD) for prawn larvae was refined 
with inclusion of 3 levels of carotenoid 
(canthaxanthin). Diets of different 
particle sizes were fed to the different 
larval stages. Results showed that sur­
vival and growth of larvae fed diets 
containing 0.5% and 0.75% carotenoid 
were not significantly different from 
each other but were higher than in lar­
vae fed the diet containing 0.25% caro­
tenoid. Larval pigmentation improved 
with 0.75% canthaxanthin in the diet. 
Larval metamorphosis was similar in 
all treatments.
• Amino acid composition o f feed- 
stuffs used as protein sources in aqua­
culture feeds. A method to simplify 
procedure for amino acid analysis of 
feedstuff through preparation of a 
single protein hydrolysate is of ad­
vantage in aquaculture nutrition stu­
dies. With the use of synthetic amino 
acid mixtures and aquaculture feed- 
stuffs, 4N methanesulfonic acid (MSA) 
was compared to 6N hydrochloric acid 
(HCI) as hydrolizing agent for com­
plete amino acid analysis. Tryptophan 
was detected in prawn tissues hydro­
lyzed with 4N MSA but not with 6N 
HCI. A higher amino acid recovery 
was also obtained with 4N MSA than 
with 6N HCI in all samples.
Studies in progress:
• Effects o f dietary protein levels on 
the gonadal development o f bighead 
carp (Aristichthys nobilis) reared in 
floating cages.
• Dietary protein requirement o f big- 
head carp (Aristichthys nobilis) fry.
• The effect o f dietary carbohy­
drates, lipid and energy on growth, 
feed efficiency, and tissue composi­
tion o f bighead carp (Aristichthys 
nobilis).
FISH HEALTH
• Establishment o f fish cell line from 
milkfish, sea bass and siganids. Pri­
mary monolayer cultures of cells from 
non-feeding milkfish fry and 3-day old 
sea bass were initiated using explant 
and trypsinization methods. Tissues 
initiated from trypsinized milkfish fry 
without NaC1 supplementation result­
ed in rapid growth of epithelial cells 
after two weeks. The cell line has been 
passed sixteen times and is now a 
homologous line. Explanted milkfish 
fry tissues cultured with NaC1 supple­
mentation resulted in growth of fib ­
roblast cells only after 51 days. The 
cell line has been passed only once due 
to its characteristic slow cell multipli­
cation. Characterization of these cell 
lines will be done after 50-60 tissue 
passages. Explanted and trypsinized 
sea bass fry tissues gave unsuccessful 
results so far.
• Studies on the effects o f rotenone 
and saponin on milkfish and tilapia 
with special reference to histopatholo­
gy and hematology. Static 96-h bioas­
says were conducted to establish the 
tolerance of 3- and 24-g milkfish and 
32-g Tilapia mossambica to ro­
tenone at salinity levels of 0, 15-17, 
and 32-34 ppt. The tolerance level 
of milkfish was similar in all salinity 
levels. T ilapia was more sensitive to 
rotenone in fresh water (0 ppt) than in 
higher salinity levels.
To determine whether significant 
degradation of the pesticide in fresh 
water occurred within 24 h , 0.15 ppm 
rotenone (lethal level for t i lapia) was 
exposed for 0, 3, 6, 12, 18, and 24 h 
prior to stocking of t i lapia. T ilapia in 
rotenone exposed for 24 h had 100% 
survival rate after 48 h. Survival 
rates were observed to decrease with 
decreasing hours of exposure to ro­
tenone.
• Studies on the ulcerative fish 
disease in Laguna Lake: Fungal infec­
tions. Fish samples manifesting the
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disease included a goby, Ophiocephalus 
striatus, Puntius sp. and Trichogaster 
sp. Examination of infected parts 
showed the presence of septate and 
branching mycelia entwined in the 
deteriorating fish tissues. Initial at­
tempts to isolate and culture the 
fungus were unsuccessful.
• Studies on the ulcerative fish 
disease in Laguna Lake: Associated 
parasites. No ectoparasite was found 
in and around the lesions of the 
ulcerated fishes examined. A number 
of endoparasitic helminths, however, 
were identified from ulcerated and 
non-ulcerated fish samples, including 
an unreported species of trematode.
• Studies on the ulcerative fish 
disease in Laguna Lake: Predisposing 
and environmental factors. Sediment 
and fish samples collected from 
Laguna Lake for heavy metal analysis 
showed the presence of copper and 
zinc during the period April to June. 
Water, soil, and fish samples contained 
residues of chlorinated pesticides like 
aldrin, dieldrin, BHC, and DDT but 
were within the limits set by the FAO- 
WHO Joint Meeting on Pesticide Re­
sidues (1967-1969).
• Isolation and identification o f bac­
teria causing larval and postlarval 
prawn diseases. Luminous bacteria 
were isolated from different samples 
collected from prawn hatcheries in 
Aklan, Capiz, and Iloilo. Biochemical 
and morphological characterization 
showed that the present 97 isolates 
very closely resemble Vibrio harveyi, 
a luminous vibrio commonly isolated 
from nearshore sea water. Heavily 
infected larvae were weak and luminis­
cent in the dark. Microscopic exami­
nation showed the presence of large 
numbers of motile bacteria in the 
tissues of the larvae.
• Tolerance o f larvae/post-larvae to 
chemicals/drugs used for control of 
bacterial diseases. The tolerance of Pe­
naeus monodon larvae to five bac­
tericides was determined in a 24-h 
static bioassay procedure. The larvae 
showed tolerance to 10 ppm Chloram­
phenicol, 1 ppm Dimetridazole-HCl, 
100 ppm Erythromycin, 100 ppm 
Oxytetracycline, and 1 ppm Prefuran 
for 24 h. However, some morpholo­
gical deformities like bent setae/ap- 
pendages and deformed carapace were 
observed at the end of the experi­
ments.
• Histopathological effects of 
diets stored at various temperature 
levels and duration on P. monodon. 
SEAFDEC-formulated diets stored at 
0, 10, 28-31.8, and 40°C were fed to 
prawn juveniles at 10% of the body 
weight twice daily for ten weeks. Diets 
stored at higher temperatures showed 
significantly higher peroxide levels 
than those stored at lower tempera­
tures after two months. Lower growth 
rate of prawns and severe histopatho­
logical changes were observed after 
four weeks of feeding with diets stored 
at higher temperatures.
• Microbiology o f spoilage o f pond- 
grown prawn (Penaeus monodon) 
during ice storage. Marketable-sized 
prawn were subjected to various post­
harvest treatments to determine their 
effects on the bacterial, chemical, and 
sensory qualities of the prawn. The 
initial aerobic plate counts (APC) of 
freshly harvested prawn averaged 
2.0 x 103/g while spoiled samples had 
APCs ranging between 105 and 107/g. 
The main spoilage organism in non­
vacuum packed samples was Pseudo­
monas while Moraxella was predomi­
nant under vacuum packaging. Values 
for total volatile nitrogen (TVN) and
EXAMINATION o f fish sample for ulcerative disease deft). Propagation o f fish cell line for viral isolation (right).
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ISOLATION o f bacteria from diseased prawn larvae.
MICROSCOPIC examination o f prawn larvae exposed to bactericides.
trimethylamine (TMA), chemical indi­
cators of spoilage, were unrealistic at 
less than 5 mg N/100 g and 1 mg 
N/100 g, respectively, despite the 
samples being obviously spoiled. Re­
sults indicated significant extension of 
shelf-life under conditions of washing, 
beheading, vacuum packaging, and ice 
storage but are inconclusive.
• Effects o f farming phase and in- 
plant processing on the microbial 
quality o f prawn (Penaeus monodon). 
The bacteriological loads of farm- 
raised (brackishwater) prawns upon 
harvest and at different points during 
processing were determined. The total 
plate counts of prawns were 6.8 x 104 
to 1.5 x 105/g upon harvest, de­
creasing to 2.1 x 104 to 6.6 x 104/g 
after processing. These counts are 
within the range of reported levels 
from temperate countries and are 
lower than the international standard 
of 106/g.
Animal (chicken) manure was 
found to be a source of Salmonella 
contamination in prawns during the 
farming and fertilizing phase and its 
use must, therefore, be avoided. High 
quality and safe products which meet 
international standards could only be 
obtained through proper handling and 
quality control immediately after 
harvest and during processing.
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Alava, V.R. and Pascual, F.P., 1987. Carbohydrate 
requirements of Penaeus monodon (Fabricius) 
juveniles. Aquaculture, 61:211-217.
P. m onodon  juveniles w ith  an in itia l mean weight of 
0.62 g were fed isonitrogenous (45%) and isolipidic (10%) 
semi-purified diets containing 10, 20 and 30% trehalose, 
sucrose and glucose fo r 56 days. Shrimp fed the d ie t w ith  
20% trehalose had the highest weight gain. O f the three 
types o f sugar tested, shrimp fed diets containing trehalose 
and sucrose exhibited better weight gains than those fed 
glucose diets. A  dietary sugar level o f 20% resulted in the 
best weight gain whereas the 30% level gave the lowest 
weight gain.
The survival of shrimp was also affected by the type 
of carbohydrate fed. Trehalose and sucrose diets promoted 
higher survival rates than glucose diets. The different types 
and levels of carbohydrates showed combined effects on 
the dry matter percentages of crude protein and total lipid. 
Trehalose and sucrose diets generally promoted increased 
protein deposition. Trehalose at 30% and sucrose at 20% 
depressed lipid content.
Almendras, J.M.E., 1987. Acute nitrite toxicity 
and methemoglobinemia in juvenile milkfish 
(Chanos chanos Forsskal). Aquaculture, 
61:33-40.
Nitrite was about 55 times more toxic to milkfish 
juveniles in fresh water than in 16% brackish water: the 48-h 
median lethal concentrations were 12 mg NO2-N/1 (95% 
confidence limit = 7.4-19.6) and 675 mg NO2-N/1 (95% 
confidence lim it = 435.8-1,045.4), respectively. Methemo­
globin levels were higher for a given concentration of nitrite 
in milkfish kept in fresh water than in the brackish water. 
Methemoglobin decreased to a normal level with 24– 26 
hours of the removal of nitrite.
Avila, E.M., 1986. The ultrastructure of the hepa­
tocytes of the giant seaperch, Lates calcarifer 
(Bloch) (Pisces: Centropomidae), during star­
vation and refeeding with different diets. 
Asian Mar. Biol, 3:129-137.
Three groups of immature seaperch (17.5– 22.5 cm 
standard length) acclimated in the laboratory on a mixed 
commercial pellet and minced trashfish diet were starved
for 30 days. Thereafter, the first group was starved for 7 
more days, the second was refed with commercial pellets, 
and the third with trashfish. Through transmission electron 
microscopy, it was found that after the acclimation period 
the hepatocytes of Lates calcarifer were primarily lipid­
storing. Upon starvation, the following modifications in the 
hepatocytes were evident: decrease of lipid reserves, hepa­
tocyte shrinkage, mitochondrial swelling, dilation of the 
cisternae of the rough endoplasmic reticulum (RER), and 
the presence of lysosomes. It was evident in the electron 
micrographs that while the number of lipid inclusions pro­
gressively declined with food deprivation, there was also a 
marked increase in the number of glycogen particles in the 
hepatocytes of the fish starved beyond the 30-day period. 
Among the refed fish, only the hepatocytes of those which 
were given trashfish recovered from the injury. Recovery 
was indicated by the restitution of the morphology of the 
mitochondria, development of parallel stacks of RER, in­
crease in lipid and glycogen, and the distinct compartition 
of the hepatocytes.
Avila, E.M. and Juario, J.V., 1987. Yolk and oil 
globule utilization and developmental mor­
phology of the digestive tract epithelium in 
larval rabbitfish, Siganus guttatus (Bloch). 
Aquaculture, 65:319-331.
The purpose of this study was to find out how yolk 
and oil globule absorption in Siganus guttatus proceed as 
the digestive tract develops, in order to determine the pro­
bable causes of early larval mortality. Yolk and oil globule 
absorption in the rabbitfish were compared with the same 
processes in the more sturdy seaperch larvae during the first 
10 days of larval life under identical rearing conditions in 
32% sea water at 27°-30°C. The rapid decline of yolk in 
both species coincided with the rapid development of the 
digestive system within 24 h from hatching, indicating that 
most of the yolk was used for organogenesis. Whereas yolk 
was depleted in both fish in 3 days, the oil globule persisted 
in the rabbitfish only for 4 days and in the seaperch for 7 
days. Oil globule depletion in the rabbitfish coincided with 
a negative mean length increment, implying an energy de­
ficit even when the larvae had already started to feed. Ul­
trastructural observations of the gut epithelia of the rabbit­
fish revealed pinocytosis in the hindgut cells immediately 
after ingestion of rotifers, well in advance of complete yolk 
and oil globule absorption. Therefore, starvation due to 
exhaustion of the endogenous energy reserves in addition to
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the physical inability to feed were ruled out as major causes 
of larval mortality in rabbitfish.
Bagarinao, T. and Kumagai, S., 1987. Occurrence 
and distribution of milkfish larvae, Chanos 
chanos off the western coast of Panay Island, 
Philippines., Environ. Biol. Fish., 19:155-160.
The occurrence and distribution of milkfish larvae 
(~3-17 mm TL) off western Panay Island, Philippines are re­
ported based on 594 plankton net tows made in April and 
May 1980. Forty-two tows yielded 44 larvae, together with 
1149 milkfish eggs by 98 tows. About 70% of the larvae of 
all stages came from stations less than 100 m deep and 1-2 
km from land. Younger larvae up to 6 mm and about 1 
week old occurred at stations of various distances from 
shore, while older larvae occurred only near shore. About 
49% of larvae of all stages were caught by surface tows; 
younger larvae occurred also in deeper layers (20 
and 30 m). Larval abundance increased towards May. 
Younger larvae tended to occur during the quarter moon 
periods and older ones during the full and new moon 
periods.
Baliao, D.D., Franco, N.M. and Agbayani, R.F., 
1987. The economics of retarding milkfish 
growth for fingerling production in brackish- 
water ponds. Aquaculture, 62:195-205.
Two experiments were conducted to measure the eco­
nomic viability of retarding milkfish growth (stunting) in 
brackishwater ponds. In the first experiment, 2-month-old 
fish were reared for 6 months in ponds with initial stocking 
densities of 15, 20, 25, and 30 fish/m2. The second experi­
ment had a common stocking density of 20 fish/m2 with 
rearing periods of 6, 9, and 12 months. All experiments 
followed the lab-lab method of growing natural food plus 
additional substrates. Supplemental feeding using rice bran 
mixed with ground trash fish started 60 days after initial 
stocking.
Under Philippine conditions stunting milkfish finger- 
lings at 20 fish/m2 for 6-9 months is most cost effective; 
this permits the production of milkfish fingerlings for lower 
cost than they can be purchased.
Baticados, M.C.L., Coloso, R.M. and Duremdez, 
R.C., 1987. Histopathology of the chronic 
soft-shell syndrome in the tiger prawn 
Penaeus monodon. Dis. Aquat. Org., 3:13-28.
One of the disease problems that affect the produc­
tion of tiger prawn Penaeus monodon Fabricius in brackish­
water ponds is the chronic soft-shell syndrome, a condition 
in which the prawn shell is persistently soft for several 
weeks. To determine the extent of damage in affected 
prawns, the histopathology of this syndrome was studied 
using light microscopy, transmission and scanning electron 
microscopy, and histochemical determination of calcium. 
Light microscopic studies of the exoskeleton of soft and 
normal hard-shelled prawns showed several distinct layers: 
an outer epicuticle, a thick exocuticle and a thinner endo­
cuticle overlying the epidermis. The cuticular layers of the 
soft shell often had a rough or wrinkled surface and were 
usually disrupted and separated from the epidermis while 
those of the hard shell were generally intact and attached to 
the epidermis. The exocuticle and endocuticle of the hard 
shell were considerably thicker than those of the soft shell. 
Ultrastructural observations revealed the presence of a very 
thin membranous layer under the endocuticle. Tegumental 
ducts and pore canals traversed the 4 cuticular layers and 
were distinctly observed as pore openings on the epicuticle 
surface. The epicuticle had a bilaminar and non-lamellate 
structure. The exocuticle had more widely-spaced lamellae 
consisting of fibers arranged in a more compact pattern 
than in the endocuticle. Histochemical determination of 
calcium was done in exoskeleton and hepatopancreas 
of soft- and hard-shelled prawns. The hepatopancreas of 
soft-shelled prawn stained more intensely for calcium than 
that of the hard-shelled one. There was no great difference 
in calcium content of hard and soft shell, although the 
former stained slightly more intensely. Histopathological 
changes in the hepatopancreas of soft-shelled prawns were 
also observed.
Duray, M.N., 1986. Biological evaluation of three 
phytoplankton species (Chlorella sp., Tetra­
selmis sp., Isochrysis galbana) and two zoo­
plankton species (Crassostrea iredalei, Brac­
chionus plicatilis) as food for the first-feeding 
Siganus guttatus larvae. Philipp. Sci., 23:41- 
49.
First-feeding Siganus guttatus larvae were given dif­
ferent species of phytoplankton (Chlorella, Tetraselmis, 
Isochrysis) and zooplankton (oyster trochophores, Bra­
chionus) or a combination of both on the first day when 
they can feed. None of the phytoplankton species when 
used as the only food source for the larvae could sup­
port life beyond four days from hatching. Brachionus of 
sizes less than 90 microns was the most suitable food for 
the first-feeding larvae. A food mixture of the three phyto­
plankton species and Brachionus resulted in survival rates
A Q D  A N N U A L  R E P O R T  '87 2 1
that were significantly higher than with other treat­
ments. Larval growth, however, did not differ significantly 
(p >0.05).
Different Brachionus densities were also used during 
the first-feeding days. Although the range of 10 to 15 Bra­
chionus per ml gave better survival, no significant differen­
ces existed. Growth was slightly greater but not significant­
ly different at higher densities.
Duray, M.N., Duray, V. and Almendras, J.M., 1986. 
Effects of salinity on egg development and 
hatching in Siganus guttatus. Philipp. Sci., 
23:31-40.
Experiments were conducted to determine the to ler­
rance of Siganus guttatus eggs to salinity changes. In the 
first run, the female was induced to spawn spontaneously 
by using human chorionic gonadotropin. The fertilized eggs 
were transferred to seawater of salinities ranging from 8 to 
40 o/oo either at the blastomere or at the gastrula stage. In 
the second run, the eggs were stripped from the female and 
artificially fertilized following the dry method.
Results indicated that eggs transferred at gastrula 
stage were more tolerant to salinity changes than those 
transferred at the blastomere stage. Hatching occurred at all 
salinities but was highest at 24 ‰ . Percentage of viable 
larvae was highest at 24‰  and lowest at 8 ‰ . The larvae 
that hatched at low salinities were relatively longer than 
those that hatched at ambient and higher salinities.
Ferraris, R.P., Tan, J.D. and De la Cruz, M.C., 
1987. Development of the digestive tract of 
milkfish, Chanos chanos (Forsskal): histolo­
gy and histochemistry. Aquaculture, 61:241- 
257.
The digestive tract of the newly hatched milkfish 
larva is a simple undifferentiated tube. Three days after 
hatching, differentiation of the esophagus begins with de­
velopment of mucous-secreting cells. A t this time, the in­
testine can be distinguished from the anterior portion of 
the digestive tract by its tall columnar cells with centrally 
located nuclei and brush border with cytoplasmic pro­
jections. After 14 days, mucosal folds develop in the eso­
phagus. In 21-day-old larvae, the stomach differentiates 
into the cardiac and pyloric regions while goblet cells start 
to develop in the intestine. In fish undergoing metamor­
phosis ( ≥  42  days old), the mucosal cells of the cardiac 
stomach develop into two distinct cell types: the columnar
cells which make up the folds nearest the lumen, and the 
cuboidal cells which constitute the gastric glands. The car­
diac stomach is the only region in the digestive tract where 
mucus secretion is not acidic. From 3-day-old larvae up to 
the older stages, alkaline phosphatase is localized only at 
the brush border of the intestinal epithelial cells. Amino- 
peptidase is also found only in the brush border of entero­
cytes, but only in 21-day and older milkfish. Intestinal es­
terases are present not only in the brush border but are also 
diffusely distributed in the cytoplasm of enterocytes of 
3-day or older fish. Esterase is also found in both the 
columnar and gland cells of the cardiac stomach, but only 
in postmetamorphic (60-day or older) fish. These morpho­
logical and histochemical changes of the gut seem to parallel 
dietary and habitat shifts throughout development, which 
encompasses life stages spent in pelagic, coastal or inland 
waters.
Gonzal, A.C., Aralar, E.V. and Pavico, J. Ma. F., 
1987. The effects of water hardness on the 
hatching and viability of silver carp (Hypo­
phthalmichthys molitrix) eggs. Aquaculture, 
64:111-118.
An investigation was conducted to establish water 
hardness concentration for optimum hatching of silver carp 
(Hypophthalmichthys molitrix) eggs. Eggs were incubated 
for 19 h at 26.5°C at six levels of water hardness: 100, 
200, 300, 400, 500 and 600 mg/1 CaCO3. Water absorp­
tion at 100-200 mg/1 CaCO3 caused eggs to burst pre­
maturely and minimal water absorption occurred at 600 
mg/1 CaCO3. Chloride concentration at 0 and 6 h post­
fertilization was significantly related to egg hatchability. 
Total ammonia-nitrogen at 6 h, pH at 6 h, magnesium hard­
ness at 18 h and chlorides at 18 h significantly influence 
viability of larvae. A water hardness of 300-500 mg/1 
CaCO3 is recommended for the successful hatching of silver 
carp eggs.
Lio-Po,  G. and Sanvictores, E., 1987. Studies on 
the causative organism of Oreochromis nilo­
ticus (Linnaeus) fry mortalities I. Primary iso­
lation and pathogenicity experiments. J. 
Aqua. Trop., 7:25-30.
Oreochromis n ilo ticus  fry  reared in 50L aquaria at a 
density o f 1,000 fry  manifested m ortalities o f 15% daily. 
A fflic ted  two-week old fry  exhibited darker pigmentation, 
emaciation lesions, and surface swimming. Parasites and
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fungi were not observed upon direct microscopic examina­
tion o f affected fry. Bacterial isolations from weak fry 
yielded the predominant growth of Pseudomonas sp. Sub­
sequent pathogenicity experiments showed that Pseudo­
monas sp. is pathogenic at a dose of 107 cells/ml rearing 
water but not at a dose of 106 cells/ml rearing water. By 
and large, the presence or absence of feed during infection 
did not affect virulence of the test bacteria. Antimicrobial 
sensitivity tests revealed sensitivity of Pseudomonas sp. to 
Chlortetracycline, Colistin. Kanamycin, Oxytetracycline 
and Polymyxin B, and resistance to Nitrofurantoin and 
Sulfamethoxazole trimethoprim.
Llobrera, A.T. and Gacutan, R.Q., 1987. Aeromo­
nas hydrophila associated with ulcerative 
disease epizootic in Laguna de Bay, Philip­
pines. Aquaculture, 67:273-278.
Aeromonas hydrophila  was consistently associated 
w ith  necrotic ulcers and lesions in mudfish/snakehead 
(Ophiocephalus striatus). Thai catfish (Clarias batrachus), 
crucian carp (Carassius carassius) and goby (Glossogobius 
giurus) in Laguna de Bay, Philippines, during the months o f 
December 1985 through February 1986. The bacterium 
was isolated from  body lesions and ulcers o f all fish 
examined and rarely from  the kidney and liver o f carp and 
catfish. The disease was characterized by hemorrhages, 
lesions and open necrotic ulcers on the body o f the fish, 
particularly the head (just behind the eyes), the mandible 
and the maxilla, and the caudal peduncle regions. Erosion 
o f the head bone tissues and the tails was observed in very 
severe cases. The presence o f A. hydrophila  is believed to 
be secondary to  some predisposing factors existing in 
Laguna de Bay.
Makinouchi, S. and Primavera, J.H., 1987. Matura­
tion and spawning of Penaeus indicus using 
different ablation methods. Aquaculture, 
62:73-81.
Wild immature Penaeus indicus females (11.5 ± 3.1g 
body weight) were ablated by pinching, cautery or tying of 
one eyestalk, and stocked with control (unablated) females 
and males (9.2 ± 1.5 g) in a 12-m3 maturation tank. Full 
ovarian maturation and spawning were attained 4 days after 
ablation/stocking in all treatments, with a peak at 5-6 days. 
Seventy-five percent of ablated and unablated females 
spawned during the study period. Average egg numbers 
from complete spawns increased with size of females for
all treatments. There was no significant difference in fecun­
dity of complete spawns from the various treatments. How­
ever, hatch rates of unablated P. indicus were significantly 
higher than eyestalk-pinched females but not those ablated 
by cautery and tying. Similarly survival after the 15-day 
period was lowest among pinched females.
Marte, C.L., Sherwood, N.M., Crim, L.W. and Har­
vey, B., 1987. Induced spawning of maturing 
milkfish (Chanos chanos Forsskal) with gona­
dotropin-releasing hormone (GnRH) analo­
gues administered in various ways. Aquacul­
ture, 60:303-310.
The response of mature female captive milkfish to 
mammalian and salmon gonadotropin-releasing hormone 
analogues (mGnRH-A and sGnRH-A) was investigated. 
Prior to spawning, six groups of three females received (1) 
10-16 µg mGnRH-A from an osmotic pump implanted in­
traperitoneally (IP); (2) 100 µg mGnRH-A from a choles- 
terol/cellulose pellet implanted IP; (3) 10µg/kg mGnRH-A 
as an intramuscular (IM) injection; (4) 10-16µg sGnRH-A 
from an osmotic pump implanted IP; (5) 100 µg sGnRH-A 
from a cholesterol/cellulose pellet implanted IP, and (6) a 
cholesterol/cellulose pellet without analogue implanted IP.
The most effective treatment was 100 µg sGnRH-A/ 
fish given in a cholesterol/cellulose pellet; all (3/3) of the 
fish spawned. However, mGnRH-A was more effective 
(2/3) compared with sGnRH-A (1/3) if osmotic pumps 
were used to administer GnRH-A. If the dose and method 
of administration were not considered, then the salmon and 
mammalian GnRH analogues were equally effective (62- 
67%) for induction of ovulation and natural spawning in 
milkfish. Gonads of control fish regressed.
At the doses tested, injections or pellet implantations 
were more effective compared with osmotic pumps. All 
pellet-implanted and injected females responded to treat­
ment and 75% (6/8) spawned; half (3/6) of the pump- 
implanted females spawned. Spawning occurred from 18 to 
36 h after treatment.
Muroga, K. and Cruz, M.C. dela, 1987. Fate and 
location of Vibrio anguillarium in tissues 
of artificially infected ayu (Plecoglossus al­
tivelis). Fish. Pathol., 22:99-103.
Ayu (Plecoglossus altivelis) were infected with Vibrio 
anguillarum by a water-born method. At 6, 12, 18, 36, 38- 
45 (moribund stage) and 48 h (dead) after infection, fish 
were sampled to determine the fate and location of the bac­
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terium in various tissues by viable cell count and the en­
zyme-labelled antibody technique (ELAT).
V. anguillarum was first detected in the skin at 12 h 
by bacterial isolation. It appeared in the muscle, spleen and 
liver at 24 h, but was not isolated from the gills or intestine 
until 36 h or 38-45 h. The same trend in the fate of the pa­
thogen was confirmed by ELAT, and the cells were found 
in dermal layer of the skin from the early stage (12 h) of 
infection. Based on these observations, it was concluded 
that the first colonization site of V. anguillarum in ayu 
was the skin.
Nakai, T., Kanno, T., Cruz, E.R. and Muroga, K., 
1987. The effects of iron compounds on the 
virulence of Vibrio anguillarium in Japanese 
eels and ayu. Fish. Pathol., 22:185-189.
When Japanese eels (Anguilla japonica) were injected 
intramuscularly (IM) with ferric ammonium citrate (FAC) 
at a sublethal dose of 10 ug/g and followed by IM-injec­
tion with various doses of Vibrio anguillarum, FAC injec­
tion enhanced greatly the virulence of the pathogen to eels, 
lowering the LD50 value from 107.9 to 104.2 CFU/100 g. 
Similar effects were obtained with ferrous sulfate and ferric 
chloride in eels. However, such a virulence-enhancing effect 
of FAC was scarcely observed in ayu (Plecoglossus alti­
velis), which has high susceptibility to the pathogen by 
nature. It was also found that addition of FAC (10 µg/ml) 
in fish sera accelerated the bacterial growth in vitro but the 
effect was much greater in eel serum than in ayu serum. 
The results of these in vivo and in vitro experiments demon­
strated that the availability of free iron in host fish would 
have a significant influence on the pathogenesis of V. an­
guillarum infection.
Palisoc, F.P., 1987. Observations on the host-para­
site relationship of Epipenaeon ingens nobili 
(Epicaridea: Bopyridae) and Penaeus semisul­
catus de Haan. Philipp. J. Sci., 116:281-293.
Samples of Penaeus semisulcatus or Tiger shrimp ("hi­
pong bulik") from Manila Bay and Tayabas Bay, and from 
waters off Palawan, Cebu, Samar and Capiz were obtained 
from the Navotas Fishery Port during the period from 
March, 1978 to February, 1979. The prevalence of Epipe­
naeon ingens in P. semisulcatus is 4.83/1000. No significant 
difference (P>0.5) in the prevalence of infection between 
the sexes was found. The parasite (E. ingens) was lodged on 
either side of the host's carapace and there was no signifi­
cant difference in the regression analyses of tumor size on
carapace length whether tumor is on the right or left side of 
the carapace of either male or female host. Despite the 
homogeneity of regression lines in the comparative analyses 
of length-weight relationship of infected and uninfected P. 
semisulcatus, the slope of the regression lines of the infect­
ed samples are always higher than the values for the unin­
fected ones.
Pantastico, J.B., 1987. Algal production in waste- 
water: progress and problems. Arch Hydro­
biol. Beih, 28:105-121.
Algal production in wastewater is reviewed in two 
major areas: (1) production of single-cell proteins, and (2) 
its integration with aquaculture for the production of 
natural feeds. Progress achieved so far in the various aspects 
of algal production in the laboratory and outdoors is dis­
cussed, as are biotechnological problems in the operation 
and maintenance of high-rate algal ponds. The need for 
more basic and applied research is emphasized.
Pantastico, J.B., Baldia, J.P. and Reyes, D.M., Jr., 
1986. Feed preference of milkfish (Chanos 
chanos Forsskal) fry given different algal spe­
cies as natural feed. Aquaculture, 56:169- 
178.
Acclimated milkfish fry (Mean wet weight, 6.0 mg) 
were fed with unialgal cultures of five species of fresh­
water algae: Oscillatoria quadripunctulata, Chroococcus 
dispersus, Navicula notha, Euglena elongata and Chlorella 
ellipsoidea. In the first experiment, the filamentous blue- 
green alga, Oscillatoria, appeared most acceptable to milk­
fish fry throughout the growing period, while feeding milk­
fish fry with the unicellular species, Chroococcus, resulted 
in lower weights and survival. In the second experiment, in­
creases in weight of milkfish fry fed with Oscillatoria alone 
or in combination with Chroococcus were comparable. 
However, a significant increase in survival was obtained 
with the combination feeding. A third experiment showed 
that high density cultures of Oscillatoria resulted in signi­
ficantly large weight increments in all growth stages. The 
other algae tested did not support growth of milkfish fry.
14C-Labeled algae of the same species were fed to 
milkfish fry. Significantly high assimilation rates were ob­
served in almost all growth stages of milkfish fry with Oscil­
latoria alone or Chroococcus alone. Negligible amounts of 
Navicula, Chlorella and Euglena were assimilated.
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Parado-Estepa, F.D., Ferraris, R.P., Ladja, J.M. and 
De Jesus, E.G., 1987. Responses of intermolt 
Penaeus indicus to large fluctuations in envi­
ronmental salinity. Aquaculture, 64:175-184.
The osmotic and chloride regulation by 5- to 10-g 
intermolt Penaeus indicus was investigated by abruptly 
changing medium salinity from seawater (32 ppt) to test 
salinities of 8, 20, 32 (control) or 40 ppt. Hemolymph 
samples were taken at 0, and then at 0.25, 0.5, 1, 2, 5 and 
10 days after the change in salinity, and were analyzed for 
osmolality and chloride concentrations. Tissue water con­
tent was also determined. Throughout the study period, 
daily mortality was low (1.8%), and was the same among 
control and experimental salinities. Hemolymph osmola­
lity and chloride as well as tissue water content were stable 
within 0.25 to 0.5 days after the abrupt salinity change, ex­
cept for tissue water content at 8 ppt which did not reach a 
steady state for 2 days. Intermolt P. indicus exhibited 
hyperosmotic or hyperionic regulation in salinities below 
isosmotic or isoionic salinities, and hypoosmotic or hy­
poionic regulation in those above. Hemolymph osmolality 
and chloride were positive linear functions of external os­
molality and chloride concentrations (slope=0.24 ± 0.02 and 
0.20 ± 0.02, respectively). Isosmotic and isoionic values were 
780 mOsm/kg and 330 mN, respectively. Percentage tissue 
water decreased as a function of external osmolality 
(-0.0056% kg mOsm-1) and hemolymph osmolality 
(-0.0232% kg mOsm-1), indicating that tissue cells were re­
latively permeable to hemolymph water, and that the 
hemolymph acted as a barrier to buffer the cells from large 
fluctuations in external salinity. These results indicate that, 
like many penaeids, P. indicus is a good osmoregulator suit­
able for culture in brackishwater ponds where there are 
large fluctuations in salinity.
Santiago, A.E., 1987. Evaluation of the high rate 
algae pond system for softdrink waste treat­
ment and for fish culture. Asian Environ., 
9:28-34.
The High Rate Algae Pond System (HRAP) as second­
ary treatment for Cola effluents showed potential for re­
ducing both COD load (about 88%) and high pH level down 
to pH 7.0 -8.0). The effluent quality improved and can be 
used for raising tilapia.
The algae production was low, that photosynthetic 
oxygen input alone was insufficient to satisfy oxygen 
requirement for microbial oxidation process and for fish 
respiration. Mechanical aerators, therefore, cannot be dis­
pensed with for an aerobic condition.
The low algae production was reflected in the growth 
increment of the test fishes and its low fat content (1%) 
indicative of starvation.
Santiago, C.B., Aldaba, M.B. and Reyes, O.S., 
1987. Influence of feeding rate and diet form 
on growth and survival of Nile tilapia (Oreo­
chromis niloticus) fry. Aquaculture, 64:277- 
282.
Young Nile tilapia (12 mg mean body weight and 11 
mm total length) were stocked at a density of 5 fish/l in 
twelve 50-l aquaria filled with 30 l of tap water. They were 
fed pellet crumbles containing 35% crude protein at various 
daily feeding rates expressed as percentages of fish biomass. 
Mean increases in body weight after 5 weeks were 63, 198, 
232 and 228 mg for the 15, 30, 45 and 60% feeding rates, 
respectively, when ambient temperature ranged from 19 to 
21 °C. Corresponding survival rates were 53, 85, 87 and 
84%. Growth and survival rates were enhanced significantly 
(P<0.01) at the 30, 45 and 60% feeding rates.
Two feeding trials were conducted to compare the 
growth and survival of fry fed pellet crumbles and an un- 
pell eted form of the same diet. Results showed that growth 
and feed conversion were similar for both forms of diet. 
However, the survival rate of fry fed pellet crumbles was 
significantly higher (P <0.01) than the survival rate of fry 
fed the unpelleted diet. Prior pelleting of the formulated 
diet for the tilapia fry given at 30% to 45% of fish biomass 
daily ensured high survival, fast growth and efficient feed 
conversion.
Segner, H., Burkhardt, P., Avila, E.M., Juario, J.V. 
and Storch, V., 1987. Nutrition-related his­
topathology of the intestine of milkfish Cha­
nos chanos fry. Dis. Aquat. Org., 2:99-107.
A histopathological study was conducted on the in­
testine of milkfish larvae Chanos chanos, subjected to d if­
ferent nutritional conditions. Newly caught milkfish fry, ca 
20 d old, were starved for 7 d and then fed with either Ar­
temia nauplii or Chlorella sp. The latter diet, as already 
shown in other studies, is detrimental to young milkfish. A 
third, control, group of fry was starved for a further 2 d. In 
larvae fed with Artemia, 1 to 2 h after feeding, intensive 
lipid absorption was noted in the first part of the intestine 
(Intestine I, lipid-absorbing zone, midgut). The second part 
of the intestine (Intestine II, hindgut) was characterized by 
pinocytotic activity and the presence of large supranuclear 
vacuoles. Food deprivation for 9 d resulted in cellular
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hydration, transformation of mitochondria, disturbances of 
the basal labyrinth and appearance of autolytic vacuoles in 
enterocyte cytoplasm in Intestine 1, with a proximo-distal 
gradient of severity of enterocytic degeneration. In In­
testine II, supranuclear vacuoles were replaced by dense 
bodies; pinocytotic activity was maintained at a reduced 
level. Microvilli were fragmented over the whole length of 
the intestine. Chlorella-fed larvae, although containing 
broken algae within the gut lumen, displayed no signs of 
nutrient absorption as detectable by electron microscopy. 
In Intestine I , enterocytes contained bizarre nuclei, an en­
hanced number of lysosomes and occasionally large intra­
cellular vacuoles. In addition, intercellular spaces were di­
lated. Mitochondria appeared pale and swollen throughout 
the gut. Histological alterations in Intestine II were similar 
to those for starved fry.
Segner, H., Burkhardt, P., Avila, E.M., Storch, V. 
and Juario, J.V., 1987. Effects of Chlorella 
feeding on larval milkfish, Chanos chanos as 
evidenced by histological monitoring. Aqua­
culture, 67:113-116.
Milkfish, Chanos chanos, larvae were found to suffer 
100% mortality within 6 days of feeding when reared on 
Chlorella sp. According to the liver ultrastructure, Chlo­
rella-fed fish underwent starvation. Likewise, no signs of 
lipid absorption were observed in the intestine of Chlorel­
la-fed larvae. On the other hand. Chlorella-related histolo­
gical alterations of the enterocytes in the anterior part of 
the intestine were different from starvation-related altera­
tions. It is concluded that Chlorella-feeding creates a star­
vation situation for larval milkfish, but the early losses with 
this diet are due to an additional stress specifically intro­
duced by Chlorella-feeding.
Taki, Y., Kohno, H. and Hara, S., 1987. Morpho­
logical aspects of the development of swim­
ming and feeding functions in the milkfish 
Chanos chanos, Jap. J. Ichthyol., 34:198-208.
Development of swimming and feeding abilities based 
on morphological development of larval and early juvenile 
Chanos chanos was investigated. In larvae smaller than 
about 6.5 mm SL, mechanical supports of fins and branch­
ial arches were in a primordial stage of development. Sup­
ports and rays of the vertical fins and branchial arches 
rapidly developed from 6.5 mm SL, and all components ap­
peared by about 10.5 mm SL. Thereafter body depth pro­
portion changed and the supports and rays of the paired 
fins and gill-rakers developed. These developmental events 
were nearly or totally completed by about 17 mm SL, and 
we concluded that the larvae transformed to juveniles at 
this size. By this time, the mode of swimming of the fish 
shifted from undulating locomotion to caudal propulsion 
and that of feeding from swallowing particulate food to 
filtering and concentrating substrate food matters using gill- 
rakers and the epibranchial organ. One of the most charac­
teristic, and well-known, phenomena in the life history of 
Chanos chanos is the mass occurrence in the surf zone of 
postlarvae of a limited size range. In view of the scheme of 
the development of mechanical supports of the body and 
fins, they may acquire a swimming ability strong enough to 
move against the current only upon reaching about 10.5 
mm SL, and if active shoreward migration of the larvae oc­
curs, it is only during the late period of their journey from 
the spawning grounds to the shore. The sudden disappear­
ance from the surf zone of larvae larger than 15-16 mm SL 
is obviously related to a change in food habit.
Walton, M.J., Cowey, C.B., Coloso, R.M. and Ad­
ron, J.W., 1986. Dietary requirements of rain­
bow trout for tryptophan, lysine and arginine 
determined by growth and biochemical 
measurements. Fish Physiol. Biochem., 2:161- 
169.
Three separate studies were performed to determine 
the dietary requirements of rainbow trout Salmo gairdneri 
for tryptophan (Trp), lysine (Lys) and arginine (Arg) from 
both growth and biochemical data. The growth studies were 
carried out over a 12-week period. From graphical plots of 
% mean weight gain against % amino acid in diet the follow­
ing requirement values were obtained, Trp 0.25% diet (0.4% 
dietary crude protein); Lys 1.9% diet (4.3% dietary pro­
tein); and Arg 1.6 – 1.8% diet (3.6 – 4% dietary protein). 
Plasma and liver amino acid concentrations measured 20 h 
after feeding did not prove useful for determination of re­
quirement values. Hepatic activities of Trp pyrrolase (TP), 
Lysα  ketoglutarate reductase (LKGR) and arginase were 
not significantly affected by varying levels of Trp, Lys and 
Arg respectively in the diet. TP has a cytosolic location and 
a Km of 0.2 mM for Trp; LKGR is mitochondrial and the 
Km for Lys is 7.3 mM; arginase is also mitochondrial and 
has a Km of 4.9 mM for arginine. Measurements of expired 
14CO2, after injection of a tracer dose of 14C amino acid, 
did allow estimates of requirement levels to be made. The 
values obtained from the oxidation studies reinforced the 
values obtained from the growth data but were not precise 
enough to justify using this method on its own.
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R esea rch  S e m in a rs
Date Topic Speaker
23 March Goldfish ovarian steroido­
genesis in vitro
L. Ma. Garcia
24 March Some notes on the devel­
opment of practical diets 
for finfish larvae
G. Pution
30 March Response of Penaeus in­
dicus post-larvae to d if­
ferent artificial diets
V. Alava





Notes on the role of the 
gut in osmo-regulation of 
juvenile milkfish
13 April Polyculture of the tiger 
prawn with Nile tilapia 
in brackishwater ponds
K. Corre




04 May Improvements in the use 
of live diets in larval 
rearing
P. Lavens*
07 May Integrated commercial 
Artemia production 
system in the Philippines
N. Jumalon- 
Ogburn
08 May Purification and proper­
ties of milkfish trypsin
L. Benitez
18 May Use of C-MBD as feed 
for P. monodon larvae
M. Bautista
02 June The effect of salinity on 
the lipid composition of 
milkfish
I. Borlongan
08 June Haematological and histo- 




23 June Digestibility of protein 
in feed stuffs for Penaeus 
monodon
M. Catacutan
16 July Studies on the chronic 
soft-shell syndrome in the 
tiger prawn, P. monodon
M.C.L.
Baticados
17 July Histopathological studies 





M. de la Cruz
23 July Poisoning caused by red 
tide organisms in Japan
Y. Fukoyo*
24 July Population dynamic 
simulation of food or­
ganisms in culture ponds
A. Ohno*
29 July Integrated vs. individual 
prawn production systems: 
which is more profitable
D. Israel
14 August Use of dinoflagellate, 
Gymnodinium splendens, 
as a live food source for 




20 August Control of prolactin 
hormone secretion in 
fish
T. Barry*
24 September Daily growth increment 
of otoliths in larval Chanos 
chanos
H. Kohno
25 September Sodium EDTA effect on 




05 October Activities in Dr. Grizel's 
laboratory
H Grizel*
06 October Recognition of micro­
organisms and parasites of 
molluscs
H. Grizel*
15 October Effect of salinity on 
maturation and spawning 
of ablated Penaeus 
monodon
R. Posadas
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21 October Growth response to d if­
ferent feed ration levels in 
common carp (Cyprinus 
carpio)
22 October Sex differentiation in 
Macrobrachium rosen­
bergii
23 October Effect of diet deficiency 
with some water-soluble 
vitamins on the growth 
and mid-gut cells of P. 
monodon juveniles
04 November Prawn culture in Brazil
04 November Genetics of growth in 
tilapia
13 November Induction of bacterial in­
fection on Oreochromis 
mossambicus





20 November Relationship of food con­




25 November Salinity tolerance of 
Oreochromis mossambi­





08 December 1) Effect of tank color 
and tagging in Penaeus 
monodon maturation
2) Feeding rhythm of P. 
monodon





DR, F.J. Lacanilao, AQD Chief, delivers the Welcome Address at ADSEA '87.
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TRAINING
AQD conducts regular training 
programs on long- and short­
term durations, as well as semi­
nars, workshops, and forums on 
various areas of interest in aqua­
culture. Participants come from 
different countries, including 
those sent by Philippine govern­
ment agencies, academic institu­
tions, interested groups in the 
private sector, and small fish 
farmers.
Notable among the regular 
training courses are the follow­
ing: the year-long NACA/AQD/ 
FAO-UNDP/UPV Training 
Course for Senior Aquaculturists 
in Asia and the Pacific Region, 
the Prawn Hatchery/Nursery 
Operations and Management 
Course, and various regular 
courses on brackishwater and 
freshwater aquaculture.
Following is a summary of 
training activities undertaken by 
AQD during the year.
R egular 
C ourses
Sixth UNDP/FAO NACA-UPV- 
SEAFDEC/AQD Training Course for 
Senior Aquaculturists in Asia and the 
Pacific Region, May 1986-April 1987. 
Graduates of this one-year training 
program, which was launched in 1981, 
now total 119. The sixth session ac­
commodated 19 participants from the 
following countries: People's Republic 
of China, 2; India, 4; Malaysia, 1; 
Philippines, 4; Thailand, 3; Indonesia, 
2; Pakistan, 1 ; and Sri Lanka, 2. Train­
ing venues for the course included 
AQD's Tigbauan Research Station 
(TRS) and Leganes Brackishwater Sta­
tion (LBS), University of the Philip­
pines in the Visayas (UPV), and NACA 
Regional Lead Centres in India, Thai­
land, and People's Republic of China. 
International/regional agencies ex­
tended fellowship grants to support 
the following number of participants: 
IDRC, 7; UNDP/FAO NACA, 10; and 
Asian Development Bank, 2.
Prawn Hatchery/Nursery Opera­
tions and Management. Four sessions 
of this training course, the 19th to 
the 22nd in the series, were conducted 
by AQD during the year (4 March- 
23 April, 7 May-25 June, 8 July-27 
August, and 23 September-12 Novem­
ber). A total of 95 participants joined
the course: 2 came from Malaysia, 
2 from Thailand, 86 from the Philip­
pines, and 5 from other regions. Seven 
participants in the 22nd session were 
sponsored by the Government of 
Japan and 6 by UNDP/FAO.
Brackishwater Pond Culture. Con­
ducted at LBS and TRS, two sessions 
of the course were held on 2 April-9 
May and 7 October-17 November 
1987. Of the 49 trainees who attended 
the sessions, 2 were from Malaysia, 
2 from Thailand, 42 from the Philip­
pines, and 3 from other regions. Seven
TRAINEES during lecture session (top). Trainees doing actual harvesting 
o f milkfish as part o f practical session (bottom).
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participants were awarded fellowship 
grants provided by the Government of 
Japan and 3 by UNDP/FAO.
Hatchery of Marine Finfishes, June 
2-J uly 23, 1987. This training course 
was conducted at TRS and Igang Re­
search Substation. It was attended by 
participants from five countries, viz., 
Philippines, 8; Sri Lanka, 1; Brazil, 
1; Malaysia, 1; and Thailand, 2. Of 
the trainees, 11 were sponsored by 
IDRC and two by the Government of 
Japan.
Freshwater Aquaculture, 10 Sep- 
tember-13 October 1987. Of the nine 
participants who attended the course 
conducted at the Binangonan Fresh­
water Station, 1 came from Malaysia, 
1 from Thailand, 6 from the Philip­
pines, and 1 from other regions. 
Three participants were sponsored by 
the Government of Japan and one by 
the Norwegian Research and Develop­
ment (NORAD).
Sanitation and Culture Techniques 
for Tropical Bivalves, 1 October-10, 
November 1987. Conducted at TRS 
and Batan, Aklan, recipients of this 
training were 2 participants from 
Malaysia, 2 from Thailand, and 7 from 
the Philippines. Four participants 
were sponsored by IDRC and seven 
by the Government of Japan.
Fish Health Management, 2-27 
November 1987. Although scheduled 
for the 1988 training season, this 
course was conducted in 1987 for 
8 extension workers from the Depart­
ment of Agriculture-Aquaculture 
Development Project, 2 from the 
Bureau of Fisheries and Aquatic Re­
sources, and 2 from the private sector.
S em inars/ 
W orkshops/ 
M eetings
Prawn Management Seminar, Jan­
uary 16-17, 1987. AQD conducted 
this two-day seminar upon request of 
the Manila-based Vitarich Corporation,
an agri-business firm. It was held at 
TRS and LBS and attended by 27 Vi­
tarich company officials. Topics dis­
cussed included overview of world 
aquaculture and the prawn industry, 
prawn biology, hatchery and nursery 
systems, pond culture of prawn, nut­
rition and feeding, soft-shelling, prawn 
processing, economics and marketing.
NBBP Project Evaluation/Annual 
Meeting, January 20-24, 1987. Held at 
TRS, the meeting discussed status re­
ports and accomplishments of the Na­
tional Bangus Breeding Program 
(NBBP), the program of activities for 
1987, as well as administrative, finan­
cial and technical matters. The con­
ference was attended by officials from 
the Department of Agriculture acting 
as NBBP project leaders, members of 
the Bureau of Fisheries and Aquatic 
Resources (BFAR) Coordinating 
Team, and NBBP Technical Staff from 
AQD.
Workshop on Managing the Teach­
ing-Learning Situation, February 26- 
27, 1987. This workshop was or­
ganized for staff members of the AQD 
Research and Training Divisions who 
are in charge of implementing the
Department's Aquaculture Training 
Program for 1987. Various aspects of 
the program were considered and dis­
cussed, including the communication 
process, teaching the adult learner, 
setting up learning objectives, learn­
ing aids, audiovisual equipment hand­
ling and operation, and group dyna­
mics.
Popularization and Utilization of 
Aquaculture Technology, June 11-13, 
1987. This seminar-workshop was 
given to 25 members of the AQD re­
search and communication staff. Topics 
discussed were: Research/technology 
utilization process and institutional 
strategy, principles of effective 
writing, writing for extension publi­
cations, and design and production of 
leaflets.
Seminar on Aquaculture Develop­
ment in Southeast Asia (ADSEA '87), 
September 8-12, 1987. AQD, with the 
cooperation of the SEAFDEC Sec­
retariat and the government of Japan, 
organized this seminar in Iloilo City at­
tended by senior aquaculturists from 
Japan, Malaysia, Singapore, Thailand 
and the Philippines; senior research
TRAINEES with researcher prepare water samples for heavy metal analysis.
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staff of AQD; and observers from 
funding organizations, fisheries agen­
cies, and the private sector. There were 
a total of 36 official delegates and 147 
observers. Held in commemoration of 
the 20th anniversary of SEAFDEC, 
the seminar participants set the re­
gional research priorities in aquacul­
ture for the coming years.
Tenth SEAFDEC Program Commit­
tee Meeting, September 15-18, 1987. 
The meeting evaluated past and pre­
sent accomplishments of SEAFDEC 
and recommended future programs 
of activity. In addition to members of 
the committee, attending the meeting 
were observers from France, Norway, 
Philippines, and international agencies 
including FAO-RAPA, IDRC, NACA, 
SEAMEO, and SEARCA.
Study Tour
AQD played host to four fishery of­
ficials from Indonesia who visited the 
Department on July 21-25 for a study 
tour of AQD's facilities. The same as­
sistance and courtesy was extended to 
a fishery officer from India who came 
as observer on September 20-October 
17. Both study tours were sponsored 
by UNDP/FAO.
P racticum  
Training
AQD extends practicum training to 
students of various colleges and univer­
sities, lasting for a period of one to 
two months. During the year, admit­
ted were 20 students from Western 
Institute of Technology, Iloilo City; 
2 from Bicol University, Albay; 4 
from the University of San Agustin, 
Iloilo City; 3 from the Iloilo State 
College of Fisheries, Barotac Nuevo, 
Iloilo; 2 from Tario Lim Memorial
Antique School of Fisheries, Tibiao, 
Antique; 8 from the Northern Iloilo 
Polytechnic State College, Estancia, 
Iloilo; 6 from the Mindanao State 
University; 7 from Pasacao School of 
Fisheries, Pasacao, Camarines Sur; 3 
from Agro-Industrial Foundation Col­
lege of the Philippines, Davao; and 1 
from Davao Regional Institute of Fish­
eries Technology, Davao.
In ternsh ip
Internship training on various aqua­
culture areas of specialization was also 
given by AQD. The following number 
of trainees took advantage of this pro­
gram: 35 in phycology/Artemia cul­
ture; 5 in nutrition and feed develop­
ment; 5 at the Centralized Analytical 
Laboratory; 7 in fish health/micro­
techniques; 3 in finfish/prawn hatch­
ery; 5 in broodstock development; and 
1 in pond management.
EXTENSION 
SERVICES
DURING the year, extension 
services rendered by AQD 
centered on socially oriented 
projects, especially in favor of 
small fish farmers and poor fisher- 
folk in coastal communities of the 
Philippines. This is in line with 
the strong commitment of the 
Philippine Government to estab­
lish a firmer structure for social 
justice or social equity based on 
the principle that the poor de­
serves much more benefits than 
that formerly given to a 
privileged few in the use of the 
country's natural resources. 
Participation in the following 
projects is among the involve­
ment of the SEAFDEC Aquacul­
ture Department.
Agri-Aqua Caravan Fair '87. To 
help small fish farmers, AQD joined 
the Agri-Aqua Livelihood and Poultry 
Caravan Fair '87 sponsored by the De­
partment of Agriculture. The mobile 
fair was held at three sites in the 
country, namely, 1) PHILCITE, Metro
Manila, March 22-29, 1987; 2) Cebu 
City, April 25-May 2; and 3) Cagayan 
de Oro City, May 17-24. AQD main­
tained display booths with audio­
visual facilities and conducted aqua­
culture seminars and consultations 
with the small fish farmers, benefiting
EXHIBIT o f AQD publications as part o f its extension services.
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more than 500 of them.
Aquaculture Technology Outreach 
Program (ATOP). This is a compre­
hensive technology dissemination and 
promotion program funded by the 
Technology and Livelihood Resource 
Center (TLRC) and implemented by 
AQD. It aims to provide the follow­
ing:
1) Various technology communica­
tion materials for all forms of mass 
media;
2) Various kinds of technology 
publications, film and video materials;
3) Training courses/seminars/for­
ums/workshops;
4) Information management and 
databanking services; and
5) Financing programs for techno­
logy livelihood projects.
Since operationalization of the pro­
gram during the period under review, 
the following seminar-workshops 
were conducted at the TLRC office 
in Metro Manila:
1) Prawn Culture (Grow-Out) and 
Management, July 20-25;
2) Prawn Hatchery Operation and 
Management, August 17-22;
3) Hatchery of Marine Finfishes, 
October 5-10;
4) Prawn Culture (Grow-Out) and 
Management, October 26-31;
5) Prawn Hatchery Operation and 
Management, November 23-27; and
6) Hatchery of Marine Finfishes, 
December 7-11; and in Tigbauan, 
Iloilo on Popularization of Aquacul­
ture Technology, June 11-13, 1987.
In addition, members of the AQD 
technical staff have also been sent to 
some parts of the country to conduct 
or participate in related seminars.
One of the activities of ATOP is 
also known as "Alay Palaisdaan", 
which seeks to bring modern or 
innovative aquaculture technology to 
the grassroot level through lectures, 
discussions and dissemination of in­
formation materials. The project was 
launched at a seminar on prawn cul­
ture held in Antique Province on 
June 15-18, 1987.
Farmers' Profitability Campaign. 
Strongly endorsed by the Depart­
ment of Agriculture, AQD's model 
activity for the national government's 
Farmers' Productivity Campaign goes 
by the slogan: ''Increasing Milkfish 
Production through Improved Pond 
Management." This project is designed 
to demonstrate the benefits of the fol­
lowing culture technologies: 1) milk­
fish/prawn polyculture; 2) milkfish/ 
crab polyculture; and 3) integrated 
farming of poultry with milkfish and 
shrimp.
"Ugnayan sa Lawa". This project 
(translated as "Consultation in the 
Lake" or series of dialogue-interac­
tion with small fishermen/fish farmers 
around Laguna de Bay) was launched 
on June 22, 1987 at AQD's Binango­
nan Freshwater Station. The project 
aims to actively involve everyone con­
cerned in the proper management of 
the lake and its potentials for aqua­
culture. Among the topics discussed 
during the series of meetings were the 
problems related to illegal fishing, 
fish diseases, pollution, flood con­
trol, decrease in clam production, and 
site selection for fish culture.
Technology Verification. AQD con­
ducted a technology verification study 
to prove the efficiency of a SEAFDEC- 
formulated feed which uses cheap raw 
materials. The formulation, costing 
half the price of commercial feeds, 
will greatly benefit small prawn 
farmers who cannot afford the high 
cost of commercial prawn feeds pre­
sently available in the market. The 
study was done with the cooperation 
of the Iloilo Fish Producers Associa­
tion, DA/Aquaculture Development 
Project, and University of the Philip­
pines in the Visayas Brackishwater 
Aquaculture Center.
AQD Deputy Chief, Mr. Satoru Fukumoto awarding certificates o f completion to trainees (left), and " Ugnayan sa 
Lawa" session (right).
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INFORMATION
L ibrary and 
D ocum entation 
Services
Library Services, The present libra­
ry collection consists of 8,356 mono­
graphic volumes, 4,307 pamphlets, 
1,718 SEAFDEC publications; and 
3,346 journal volumes. During the 
year, library users were counted at 
20,883 readers, or an average of 
9 readers per hour.
Current Awareness, a weekly issue 
of photocopies of the table of con­
tents of scientific journals received by 
the library, was revived. Researchers 
have likewise been provided easier ac­
cess to the latest scientific journals 
through the "New Arrivals" table at 
the library.
Documentation Services. Docu­
mentation activities were intensified 
to develop and provide quality and 
effective information services on aqua­
culture, particularly brackishwater 
aquaculture. The Brackishwater Aqua­
culture Information System (BRAIS), 
a specialized information analysis pro­
ject with funding support from IDRC, 
continued to provide Brackishwater 
Aquaculture Abstracts and other 
special abstracts. Among these are the 
Mussel Abstracts (already published) 
and Grouper Abstracts, Milkfish Ab­
stracts, and Mud Crab Abstracts (now 
under preparation). Also underway is 
the preparation of a Directory of 
Scientists and Directory of Institu­
tions.
There are now 3,864 entries in 
the BRAIS database for regular and 
special bibliographies and abstracts. 
For the scientists' directory database, 
168 entries are available, while for 
the institutions' directory 48 respon­
ses have been received. Some 202 in­
quiries and referrals have also come 
from 44 countries.
Publications
Activities under this heading in­
clude the publication of newsletters, 
manuals, pamphlets and brochures. 
AQD regular publications are the 1)
quarterly SEAFDEC Asian Aquacul­
ture, 2) monthly Aqua Farm News, 
3) fortnightly Aqua Dep't. News 
(house organ), and monthly Informa­
tion Alerts.
AQD has an in-house printing faci­
lity which produces newsletters, exten­
sion manuals, modules, brochures, cer­
tificates, programs, etc. Among the 
printed materials produced during the 
period under review were the follow­
ing:
AUTOMATION o f aquaculture information.
STAFF manning the printing machines at Tigbauan.
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1) Extension Manual (EM) No. 5 — 
Farming of prawns and shrimps (with 
accompanying document entitled: 
"Recent Developments in Prawn Pond 
Culture")
2) EM No. 9 — Prawn hatchery de­
sign and operation
3) EM No. 10 — Important fish and 
shrimp fry in Philippine waters: iden­
tification, collection and handling
4) Aquaculture Technology Module 
(ATM) No. 2 — How to transport and 
acclimate prawn fry
5) Abstracts of Serial Publications 
— Abstracts of publications (1978- 
1987) on milkfish, prawn, tilapia, 
rabbitfish, sea bass and bivalves (200 
pages)
6) ADSEA '87 abstracts, brochures, 
documents and working papers — Pre­
pared for use in the ADSEA Seminar 
held September 8-12 and for the 
Tenth Meeting of the SEAFDEC Pro­
gram Committee on September 15-18, 
1987.
7) ADSEA '87 Report — Published 
as reference for the SEAFDEC 20th 
Council Meeting in Manila on Novem­
ber 17-20, 1987.
8) Aquaculture of Siganids: State 
of the Art — Published in October 
1987 (51 pages)
9) BRAIS quarterly newsletter
10) Collected Reprints — AQD 
papers published in scientific journals. 
Vol. IA -  FINFISHES; Vol. I-B -  
CRUSTACEANS and BIVALVES 
(1903 pages).
11) Information Alerts — A monthly 
reference list for AQD researchers.
12) New AQD brochure
13) Training brochure
14) Brochure for Poster 1, Important 
Penaeid prawns/shrimps of the Philip­
pines
15) List of publications
16) Publications catalogue
17) List of AQD Senior Staff
18) Brochure on Business Opportu­
nities in Aquaculture
19) Training certificates, programs, 
etc.
ADMINISTRATION
M anagem ent 
O rganization
Streamlining of the functions and 
operations of the Aquaculture Depart­
ment and other cost-effective measures 
were implemented during the year un­
der review, in accordance with the 
AQD Revised Plan of Operation and 
Program of Work approved at the 
Nineteenth Meeting of the SEAFDEC 
Council in Tokyo, Japan, November 
18-21, 1986. As restructured, the 
Department is now organized into five 
divisions, namely: Research, Training, 
Information, Administration, and Fi­
nance divisions.
Sections under each division are: 
Research Division — Breeding, Farm­
ing Systems, Feed Development, and 
Fish Health sections; Training Divi­
sion — Trainee Affairs, Training 
Courses, and Instructional Materials 
sections; Information Division — 
Documentation, Publications, and 
Techno-Transfer sections; Administra­
tion Division — General Services, Per­
sonnel, and Engineering sections; and 
Finance Division — Accounting and 
Cashiering sections.
AQD maintains three principal 
research stations, i.e., Tigbauan Re­
search Station (TRS) in Iloilo Pro­
vince, Visayas, which also serves as 
headquarters of the Department; Lega­
nes Brackishwater Station (LBS), also 
in Iloilo; and Binangonan Freshwater 
Station (BFS) in Rizal Province, 
Luzon.
TRS deals primarily with the basic 
aspects of aquaculture technology, 
seed production, and feed develop­
ment. The station also offers interna­
tional and national training programs 
on the culture of finfish, crustaceans, 
and molluscs. At LBS, activities focus 
on the generation, verification, and re­
finement of aquaculture technology 
for both seed production and grow- 
out of finfish and shrimps. Studies 
on mass production of Artemia are 
also done at LBS. On the other hand, 
BFS undertakes studies on milkfish 
and other freshwater fish species such 
as carps and tilapia. Development of 
seed production and pen/cage culture 
technology is the main objective of 
these studies. Training courses on 
freshwater aquaculture are also con­
ducted at the station.
All these stations have been opened
AQD Chief F. J. Lacanilao (left), and Deputy Chief Satoru Fukumoto (right).
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as sites of various AQD projects, fol­
lowing the aim of the reorganization 
plan for more flexibility in project 
implementation.
To further support the management 
of AQD, President Corazon C. Aquino 
issued Executive Order No. 116 on 
January 1987, creating the Philip­
pine Technical and Administrative 
Committee for SEAFDEC. Replacing 
the former National Board for 
SEAFDEC, the Committee will 
monitor and assess the implementa­
tion of AQD research projects on the 
basis of the policies and standards 
established by the SEAFDEC Council 
and the Philippine government's De­
partment of Agriculture. The Com­
mittee is composed of the Secretary 
of Agriculture as chairman and the DA 
Undersecretary for Attached Agencies, 
the Dean of the College of Fisheries of 
the University of the Philippines in 
the Visayas, the Director of the 
Bureau of Fisheries and Aquatic Re­
sources, and the Chief of AQD, as 
members.
Inside the Department, a Man­
agement Information Services Group 
was created to review and document
all existing systems and procedures, 
identify the information needs of the 
different offices, produce systems 
manuals, ensure that new systems are 
properly followed, and evaluate their 
efficiency.
Personnel
As of December 31, 1987, person­
nel of AQD totaled 581 regular em­
ployees distributed as follows: 330 in 
the Research Division; 21 in the Train­
ing Division; 38 in the Information 
Division; 146 in the Administration 
Division; 20 in the Finance Division; 
and 26 in the Office of the Chief.
The Department also avails of the 
services of foreign and local experts. 
Expatriate personnel at AQD include 
Dr. Hiroshi Kohno, who is staying up 
to February 1988 to complete a study 
on the biology of groupers; Mr. 
Philippe Dhert, research associate of 
the Artemia Reference Center (ARC), 
Ghent, Belgium, who was commis­
sioned by the Department to imple­
ment studies under the collaborative 
AQD-ARC project from March 4,
The Program Committee o f SEAFDEC reviews and evaluates the activities, and 
examines future programs o f activity o f the SEAFDEC Departments.
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THE SEAFDEC Council held its 20th Meeting in Manila w ith Secretary Carlos 
G. Dominguez o f the Department o f  Agriculture as keynote speaker. A t the 
session, the Council confirm ed the reappointment o f  AQD Chief F. J. Lacanilao 
fo r  two years beginning A p ril 1988.
1987 to March 3, 1989; Dr. Hiralal 
Chaudhuri, as visiting scientist 
since A pril 16, 1987; and Mr. Yoshibu­
mi Yashiro, Japanese expert on shrimp 
culture, who is assigned at AQD for 
tw o years beginning September 15, 
1987 (he also serves as JIC A coordi­
nato r assisting the Japanese AQD Deputy 
Chief.
S taff Development. To enhance the 
knowledge and expertise of its tech­
nical personnel, AQD has sent or ap­
proved the attendance o f members o f 
its research staff to  various postgrad­
uate studies and training programs. 
Among AQD personnel who bene­
fited during the year from  these edu­
cational and training opportunities are 
the fo llow ing:
•  E. Am ar and J. Ladja –  one-year 
NACA Sixth Training Course for 
Senior Aquaculturists in Asia and the 
Pacific Region, NACA Training Centre, 
SEAFDEC, Ilo ilo , March 13, 1986- 
March 6, 1987.
•  M. Parazo and E. Rodriguez — 
M.S. degrees under Monbusho scholar­
ships, June 1987 (M.S. in Fisheries 
from  Kagoshima University, Japan, fo r 
Parazo and Master o f Fisheries Sciences 
from  Nagasaki University, Japan, fo r 
Rodriguez).
•  E. Gonzales — four-m onth fe l­
lowship as visiting scholar sponsored 
by the British Council, University of 
Cambridge, United Kingdom, from 
March 20, 1987.
•  B. Acosta — FAO Regional 
Training Course on Mass Seed Produc­
tion  o f Chinese Carps, sponsored by 
IDRC, Guanzhou and Wuxi, People's 
Republic o f China, A pril 18-May 28, 
1987.
•  J. Llobrera — four-m onth re­
search fellowship, Institute fo r Animal 
Production in the Tropics and Sub- 
Tropics, University o f Hohenheim, 
Stuttgart, Federal Republic of 
Germany, from  A pril 15, 1987.
•  O. M illamena — two-m onth 
Artem ia  Training, Artem ia  Reference 
Center, State University o f Ghent, Bel­
gium, from  May 26, 1987.
•  Z. Basiao — two-m onth training 
on statistical analysis and genetics, 
Dalhousie University, Halifax, Canada, 
from  June 1, 1987.
•  I . de Mesa -  UNESCO-MAB Re­
gional Training Course on Microcom­
puter-based Application o f Statistical 
Programs and Packages fo r Environ­
mental Scientists, Manila, from  June 
15, 1987.
•  D. Estenor — two-year degree 
grant, September 1987 to  September 
1989, in Master o f Science in Funda­
mental and Applied Marine Ecology, 
Free University o f Brussels, Belgium 
(sponsored by AQD and the Belgium 
Adm inistration fo r Development 
Cooperation).
•  D. Javellana — three-month 
training on qualitative/quantitative 
analyses o f plankton in benthos com­
munities in brackishwater, Nansei 
Kaiku Fisheries Laboratory, Hiroshi­
ma, Japan, from  July 6, 1987.
•  M. de la Pena — four-month 
training on culture and physiological 
studies on larval food organisms cu l­
ture, phytoplankton and zooplankton, 
Fisheries Experimental Station, Naga­
saki, Japan, from  August 10, 1987.
•  D. Chavez and E. Borlongan — 
F ifth  Artem ia  International Training 
Course, Artem ia  Reference Center, 
State University o f Ghent, Belgium, 
August 16-October 1, 1987.
•  M. Bautista — Six-month 
training on larval feed technology 
w ith  emphasis on microencapsulation, 
Kagoshima University, Japan, from  
September 1, 1987.
•  P. Subosa — Six-month tra in ­
ing on environmental physiology 
(water qua lity parameter), Kyoto 
University, Japan, from  September 1, 
1987.
•  E. Ledesma — DTCP Course on 
Extension AV-A ids, sponsored by 
FAO/UNDP, Bangkok, Thailand, Oc­
tober 5-30, 1987.
•  W. Gabuelo and D. Zamora — 
Desktop Publishing Software, spon­
sored by BRAIS, Dynalink, Ilo ilo  C ity, 
October 19-30, 1987.
•  R. Luhan and N. Guanzon — 
Seaweeds Research Training-Workshop 
fo r Project Leaders, sponsored by the 
University o f the Philippines Marine 
Science Institu te and Philippine Coun­
cil fo r Agriculture and Resources Re­
search and Development (PCARRD), 
University o f the Philippines, D iliman, 
Quezon C ity, November 23-December 
1 5 ,  1987.




Larval Food Laboratory. This lab­
oratory routinely analyzes the quality 
of commercial Artemia strains as a 
service to the private sector and all 
users of Anemia at SEAFDEC. It 
produces enriched, newly hatched 
Anemia nauplii and biomass for 
siganid, sea bass, milkfish, and prawn 
fry. Another facility, the Phycology 
Laboratory, also services the needs of 
private enterprises and the different 
SEAFDEC projects for phytoplankton 
and zooplankton starters.
Centralized Analytical Laboratory 
(CAL). Submitted to CAL for analysis 
are water and feed samples. Water 
parameters frequently requested are 
pH, ammonia-nitrogen, nitrite-nitro­
gen, dissolved oxygen. For feeds, 
most analyses involve crude protein, 
moisture, and crude fat contents. In 
1987, some 3,742 water and 466 feed 
samples were examined at the labora­
tory. Among the beneficiaries of CAL 
services are small fish farmers who are 
charged a very minimal fee to help 
defray the cost of chemicals used in 
the analysis.
Fish Health Laboratory. This labo­
ratory performs diagnostic services for 
detection of fish diseases, as well as 
examination of water samples for bac­
terial count. Diseases found in fin- 
fishes were mostly caused by bacterial 
infection, parasitic infestation, and 
nutritional and environmental factors. 
Prawn mortalities, on the other hand, 
were mostly due to environmental dis­
orders and a few were attributed to 
bacterial infection. A total of 85 cases 
were diagnosed in 1987, 60% of which 
was for pathological examination of 
finfish (19) and prawn (32), while 
40% was for total bacterial count. Of 
these, 52 (61%) diagnostic tests were 
performed at the request of the private 
sector while the rest came from var­
ious projects of AQD.
Microtechnique Service Laboratory. 
The laboratory does histological pro­
cessing of fish tissue and larval sam­
ples. During the period under review, 
1910 samples were processed for histo­
logical slide and whole mount prepara­
tions.
C om puter 
Facilities
To optimize AQD's computer re­
sources, improved softwares have been 
developed for its HP 3000 minicom­
puter and microcomputers. The HP 
3000 is being used for all the Brackish- 
water Aquaculture Information 
System (BRAIS) and Aquaculture In­
formation System (AQUIS) work re­
quirements.
A database for a directory of 
scientific institutions and scientists, to­
gether with a research databank sys­
tem, has been developed using the 
MINISIS software package. Also 
adopted are a computer-based proper­
ty inventory system and a custom- 
made program for the implementation 
of the new AQD employees' compen­
sation scheme.
The acquisition of a Laser Jet 
printer, an IBM-compatible microcom­
puter, and the Advanced Link 2392 
Emulator donated by IDRC through 
the BRAIS Project, completed the 
plan to link the microcomputers to 
the HP 3000 minicomputer, thus 
allowing the former to access the mass 
storage capacity of the latter. Informa­
tion to be included in an AQD micro­
computer user's manual have been 
compiled. The manual will serve as a 
guide in obtaining access to stored 
data and information on:
1) Computerized information sys­
tems, e.g., SEAFDEC Provident Fund 
Plan and literature information sys­
tem;
2) Research information systems, 
e.g., research study monitoring and 
management, scientific publications, 
and staff personnel profiles; and
3) Management information sys­
tems, e.g., personnel management sys­
tem and finance management system.
AQD's computer services also pro­
vide individualized computer training 
sessions and statistical consultations.
In fra s tru c tu re  
Developm ent
To improve AQD's research capabi­
lities and infrastructure, the follow­
ing projects were undertaken during 
the period under review:
1) At the Tigbauan Research Sta­
tion (TRS), these projects include: in­
stallation of aeration and water sys­
tems; fabrication of improved milk- 
fish egg sweepers and installation of 
facilities at Igang Substation; installa­
tion of two units pre-filtered salt­
water system, 300 gpm, to augment 
the capacity of the existing system; 
construction of concrete breeding 
tanks at the Genetics Laboratory and 
roof of the 50-120 ton hatchery; 
strengthening of freshwater lines 
located at the nearby Guimbal River; 
and upgrading of electrical installa­
tions within the TRS compound. The 
station also acquired a radio telephone 
system. This vital communication 
facility now links TRS with the AQD 
Liaison Office in Metro Manila.
2) At the Leganes Brackishwater 
Station, construction and renovation 
works include: deepening of the main 
water supply and drain canal; pond 
upgrading to meet the requirements of 
the various studies, including the con­
version of some ponds into Anemia 
ponds; and renovation/repair of build­
ings.
3) A t the Binangonan Freshwater 
Station, additional facilities installed 
include laboratory room for carp pro­
ject, tilapia genetics room, floating 
cages, breeding tanks, and recirculating 
system for water distillation.
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PICTORIALS
Tigbauan Research Station 
Tigbauan, Iloilo
ADMINISTRATION Building.
FINFISH Nursery Tanks/Wet Laboratory.
NUTRITION Building. TRAINING Building.
DORMITORY. EXECUTIVE and Guest Houses. APARTMENT Building.
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Leganes Brackishwater Station 
Leganes, Iloilo
PART OF Artemia ponds. ADMINISTRATION and Research Buildings.
PORTIONS o f experimental ponds. APARTMENT Building.
OUTDOOR hatchery/nursery tanks. INDOOR prawn hatchery tanks.
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Binangonan Freshwater Station 
Binangonan, Rizal
HATCHERY Building with laboratories/offices. TRAINING Building.
DUPLEX housing units. DORMITORY Building for trainees.
TILAPIA breeding tanks. FLOATING cages for carp broodstock.
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Igang Research Substation 
Igang, Guimaras Is.
TOP: Wooden cage frames supporting floating net cages 
(foreground). In the background is the Marine Finfish 
Hatchery Building. BOTTOM: Island Guest Houses.
TOP: Closer view of the wooden cage frame and 
floating net cage. BOTTOM: Circular floating 
net cages for milkfish broodstock.
10-M diameter floating net cage with wooden cage frame 
support.
SQUARE floating net cages for sea bass and siganid brood­
stock.
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REPRESENTATIVES o f non-member governments/organizations sit as ob­
servers during the 10th Meeting o f the SEAFDEC Program Committee in Manila.
O TH ER 
ACTIVITIES
C O O PER ATIO N  W ITH  
NON- M EM BER 
G O V E R N M E N T S / 
O R G A N IZ A T IO N S
N o n -M e m b e r  
G o v e rn m e n ts
Belgium. Implementation of a three- 
year "Artemia Applied Technology 
Program" was agreed upon between 
AQD and the Artemia Reference 
Center (ARC), Belgium Administra­
tion for Development and Coopera­
tion (BADC). The project started in 
February 1987. Also concluded was an 
agreement with the Flemish Associa­
tion for Educational Programs Abroad 
(VVOB) for the assignment of Ar­
temia experts to AQD.
France. The Institute Francais de 
Recherche pour L 'exploitation de la 
Mer — Centre Oceanologique du Pa­
cifique (IFREMER/COP) extended a 
grant for a 14-month research pro­
ject on the improvement of sea bass 
(Lates calcarifer) larval rearing tech­
niques. Began in August 1986, the pro­
ject was completed last September.
I n te r n a t io n a l  
O rg a n iz a t io n s
International Development Re­
search Centre (IDRC). The following 
are the IDRC-assisted projects:
1) Study on fish gametes, sched­
uled for three years beginning Octo­
ber 1986.
2) Genetic evaluation and selective 
breeding of Oreochromis niloticus for 
broodstock development, for three 
years beginning June 1986.
3) National Bangus Breeding Pro­
gram, for three years from 1986.
4) Training in aquaculture, for 
three years from 1985.
5) Brackishwater Aquaculture In­
formation System (BRAIS), for three 
years (March 1984-April 1987) but 
later extended up to April 1989.
International Foundation for Sci­
ence (IFS). Projects under funding 
by IFS involve: 1) Improvement of 
extensive prawn production using 
aquatic macrophytes as food organ­
isms in brackishwater ponds (one 
year); and 2) isolation and characteri­
zation of a female-specific serum pro­
tein (vitellogenin) in milkfish (Chanos 
chanos), which was given favorable 
consideration by IFS for implementa­
tion in 1988.
Food and Agriculture Organization 
(FAO). FAO is co-sponsor of the 
NACA-AQD one-year Training Course 
for Senior Aquaculturists in Asia and 
the Pacific Region. The course marked 
the conclusion of its sixth session in 
March 1987. FAO also collaborated 
on the implementation in 1987 of the 
project on the "Effects of Farming 
Phase and In-Plant Processing on the 
Microbial Quality of Prawn."
ICLARM/Asian Fisheries Social Sci­
ence Research Network (AFSSRN). 
During the period under review, a 
grant from these agencies supported
the study on "Cost and return ana­
lysis of newly developed aquacul­
ture production systems in the Philip­
pines".
P h ilip p in e  A g en c ies
Department of Agriculture (DA). 
The Department has extended strong 
support to various AQD extension 
services, e.g., Aquaculture Technology 
Outreach Program, Farmers' Profitabi­
lity Campaign, and Agri-Aqua Caravan 
Fair.
Bureau of Fisheries and Aquatic 
Resources (BFAR). The bureau has 
participated in the National Bangus 
Breeding Program since 1980 to the 
present.
Technology and Livelihood Re­
source Center (TLRC). Arrangements 
were made for the implementation of 
the SEAFDEC/AQD-TLRC Aquacul­
ture Technology Outreach Program 
(ATOP) effective June 1987.
University of the Philippines Marine 
Science Institute (UP-MSI). The Insti­
tute has collaborated with AQD from 
October 1982 to December 1987 
on the research project dealing with 
the determination of genetic variation 
in milkfish.
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GOVERNMENT officials extending active support to AQD activities include (from left to right) DA Secretary Carlos G. 
Dominguez, DA Undersecretary and SEAFDEC Council Director for the Philippines Conrado C. Gozun, and OIC 
Governor of Iloilo Province Simplicio Griño.
AQD Visitors/ 
Guests
Foreign and local dignitaries, sci­
entists, researchers, and private entre­
preneurs have been among the pro­
minent visitors and guests of AQD. In 
the first half of the year (January- 
June 1987), they include:
Dr. Veravat Hongskul, Secretary- 
General of SEAFDEC, together with 
the crew of M.V. PAKNAM and 
trainees of the SEAFDEC Training 
Department; Mr. Kazuo Inoue, De­
puty Secretary-General of SEAFDEC; 
Messrs. Jaime Raneses, Jose Mari 
Ponce, Paramon Furigay, Sanku 
Diamoy, Mario Carino, and Ms. Gloria 
de Peralta, Cagayan Integrated Agri­
cultural Development Project; Dr. 
Ulrich Grieb, Country Representative, 
FAO, Manila; Dr. H. Moller, Univer­
sity of Kiel, Federal Republic of 
Germany; Ms. Sylvia Ordonez and 
Mr. Vedasto Jose, Technology and 
Livelihood Resource Center, Manila; 
Dr. F. Brian Davy, IDRC, Singapore; 
Mr. Chen Foo Yan, NACA, Bangkok, 
Thailand; Mr. Brian Crawford, Univer­
sity of Rhode Island, U.S.A.; Mr. 
James Rakocy, University of Virgin 
Islands; Mr. W.G. Alters, Interna­
tional Fund for Agricultural Develop­
ment; Mr. Constancio Canete, NSTA, 
Davao City; Messrs. Romulo Zipongan 
and Gregorio Barretto, Local Govern­
ment Finance Office, Tuguegarao, 
Cagayan; Mr. Reynaldo Cuaderno, 
National Police Commission, Makati, 
Metro Manila; and Messrs. Rogelio 
Cuyno, Rex Navarro and R. Orozco, 
University of the Philippines at Los 
Banos.
Visitors listed during the second 
half of the year (July-December 1987) 
include the following:
Ms. Isabel Bulcke and Mr. Willy 
Block, both of the Flemish Associa­
tion Educational Project Abroad, 
Belgium; Mr. Shamsuddin Qureshi 
of the Marine Fisheries Department, 
Karachi, Pakistan; John Robertson 
of SEA Hatcheries Ltd., Australia; 
Mr. George B. Ditching, Engineer­
ing Manager, Philippine Refining Co., 
Metro Manila; Dr. J. Bruce Hill­
coat and Dr. Paul Quinlan, both 
specialists of the Agribusiness 
Division, Unilever, United Kingdom; 
Mr. Gunther Lang, Project Coordi­
nator, Mariculture Project, Lutheran 
Development Services, Silberweg 7 
Boeblingen, Federal Republic of 
Germany; Mr. Angel B. Koch, Jr., 
General Manager, Negros Navigation, 
Co., Cagayan de Oro City; Mr. Fran­
cisco Concillo, Regional Director,
Department of Education and Cul­
ture, Fishery School, Region VII, 
Cebu City; Mr. Camillo Gray, Prawn 
Aquaculture Manager, Fishfarm De­
velopment International, Scotland, 
United Kingdom; French Ambassador 
to the Philippines Jacques Le Blanc; 
Dr. Louis Van Den Akker of the 
Ministry of Foreign Affairs, Nether­
lands; Dr. Youssouf AH of the Bang­
ladesh Center for Advance Studies; 
Mr. David P. Roy, Program Officer, 
Department of Fisheries, Bangladesh; 
Mohammed Ahsanullah, Director, De­
partment of Fisheries, Bangladesh; 
Liaquat A li, Principal Scientific O ffi­
cer, Department of Fisheries, Bang­
ladesh; M.A. Rahman, Assistant Chief, 
Ministry of Fisheries and Livestock, 
Bangladesh; Qasi Khase Alam, Senior 
Program Coordinator, Department of 
Fisheries, Bangladesh; Exequiel Gon­
zales, Project Specialist, ICLARM, 
Makati, Metro Manila; Waheed Ahmed, 
Deputy Director, Directorate of 
Fisheries, Pakistan; Ghulam Moham­
mad Mahar, Deputy Director, Sukkur 
Division, Pakistan; Dr. Kees Soels, 
Head, Research Project of the Direc­
torate for International Cooperation, 
Netherlands; Denise Cotanea of 
IFREMER, Tahiti; and Arlo W. Fast, 
Coordinator, Marine Shrimp Research 
Program, University o f Hawaii.
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AQD Deputy Chief Satoru Fukumoto and Administration Division Head Rufil Cuevas welcome French Ambassador to 
the Philippines Jacques Le Blanc on his visit to TRS. Right photo shows other AQD guests on their arrival.
Awards for AQD
AQD paper won in the 1987 Dr. Elvira O. Tan 
Memorial Awards sponsored by PCARRD. The following 
paper was selected the best paper in the Aquaculture/Inland 
Fisheries category:
Baticados, M.C.L., Coloso, R.M. and Duremdez, R.C., 
1986. Studies on the chronic soft-shell syndrome 
in the tiger prawn, Penaeus monodon Fabricius, 
from brackishwater ponds. Aquaculture, 56:271- 
285.
Prawn culture is becoming more widespread in 
the Philippines. In recent years, prawn production in 
brackishwater ponds has been adversely affected by a 
chronic soft-shell syndrome. A field survey of prawn 
ponds in the island of Panay showed that occurrence 
of soft-shelled prawns could be predicted with 98% 
accuracy under poor soil and water conditions in the 
ponds. Some management practices were also highly 
correlated with the soft-shell syndrome.
Soft- and hard-shelled prawns collected during 
the survey were analyzed for calcium and phosphorus 
levels. In soft-shelled prawns, calcium and phosphorus 
levels were significantly higher in the hepatopancreas, 
and phosphorus was significantly lower in the exoske­
leton than in hard-shelled prawns. Chitinoclastic bac­
teria, Vibrio and Aeromonas, were isolated from soft- 
shelled prawns but experimental infection with these 
species to induce soft-shelling gave largely negative 
results. Laboratory experiments using an organostan­
nous pesticide revealed that a 96-h exposure to at least 
0.0154 ppm of the pesticide could result in soft- 
shelling of 47-60% of the prawns.
Soft-shelled prawns were fed various quantities 
of frozen mussel meat for 4 weeks to find out if soft- 
shelling could be reversed by dietary manipulation. 
Successful reversal of soft-shelling, general improve­
ment of shell quality, and best growth and survival 
rates ware observed in prawns fed a 14% mussel meat 
diet.
AQD also received two awards for BEST BOOTH 
during the Agri-Aqua Livestock and Poultry Caravan Fair 
'87 sponsored by PHILCITE and the Department of Agri­
culture. At the Fair's first lap in PHILCITE Manila (22-29 
March 1987), AQD's participation was judged second best. 
In Cebu City (25 April - 2 May 1987), and in Cagayan de 
Oro City (17-24 May 1987), AQD received the Best Booth 
awards from a total of more than forty participations. The 
criteria for selection were: attractiveness of exhibits, visi­
tor's information acceptance, information dissemination ef­
fectiveness, and compliance with the Fair's rules and regula­
tions.
TROPHY given to AQD for winning the Best Booth Award 
at the Cagayan de Oro City leg o f the 1987 Agri-Aqua Live­
stock and Poultry Caravan Fair.
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RESEARCH PUBLICATIONS: SCIENTIFIC JOURNALS
Alava VR, Pascual FP. 1987. Carbohydrate requirements 
of Penaeus monodon (Fabricius) juveniles. Aquacul­
ture 61:211-217.
Almendras JME. 1987. Acute nitrite toxicity and methe­
moglobinemia in juvenile milkfish (Chanos chanos 
Forsskal). Aquaculture 61:33-40.
Avila EM. 1986. The ultrastructure of the hepatocytes of 
the giant sea perch, Lates calcarifer (Bloch) (Pisces: 
Centropomidae), during starvation and refeeding with 
different diets. Asian Mar. Biol. 3:129-137.
Av ila EM, Juario JV. 1987. Yolk and oil globule utilization 
and developmental morphology of the digestive tract 
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RESEARCH PUBLICATIONS: EDITED PROCEEDINGS
Bagarinao TU, Taki Y. 1986. The larval and juvenile fish 
community in Pandan Bay, Panay Island, Philippines. 
Uyeno T, Arai R,Taniuchi T, Matsuura K, eds. Indo- 
Pacific Fish Biology: proceedings of the Second In­
ternational Conference on Indo-Pacific Fishes, 1985; 
Tokyo, Japan. Tokyo: Ichthyological Society of 
Japan; 728-739.
Bautista AM. 1987. Tilapia hatchery and nursery systems: 
operation and management. Guerrero RD III, 
Guzman DL, Lantican CM, eds. Proceedings of the 
First National Symposium and Workshop on Tilapia 
Farming. 1986 November 24-26; Los Banos, Laguna, 
Philippines. PCARRD;8-13.
Nacario J. 1987. Releasing hormones as an effective agent 
in the induction of spawning in captivity of sea bass 
(Lates calcarifer). Copland JW, Grey DL, eds. Man­
agement of Wild and Cultured Sea Bass/Barramundi 
(Lates calcarifer): proceedings; 1986 September 24- 
30; Darwin, N.T., Australia. 1986 September 24-30; 
Darwin, N.T., Australia. Canberra: Australian Centre 
for International Agricultural Research; 126-128.
PAPERS ACCEPTED FOR PUBLICATION
Bautista AM, Carlos M, San Antonio A. Egg and fry produc­
tion of Tilapia nilotica at different sex ratios and 
stocking densities. Aquaculture.
Bautista MN, De la Cruz MC. Linoleic and linolenic acids in 
the diet of milkfish (Chanos chanos) fingerlings. 
Aquaculture.
Benitez LV, Borlongan IG. Effect of diet and salinity on 
the lipid composition of milkfish, Chanos chanos 
Forsskal. Asian Fish. Sci.
Camacho AS, Macalincag-Lagua N. Overview of the Philip­
pine Aquaculture Industry. Juario JV, Benitez LV, 
eds. Perspective in Aquaculture Development in 
Southeast Asia and Japan: proceedings of the Semi­
nar on Aquaculture Development in Southeast Asia. 
1987 September 8-12; Iloilo City, Philippines (In 
press).
Carlos MH, Santiago CB. Nursery and grow-out rearing 
of tilapia and carp. Juario JV, Benitez LV, eds. Pers­
pective in Aquaculture Development in Southeast 
Asia and Japan: proceedings of the Seminar on Aqua­
culture Development in Southeast Asia. 1987 Sep­
tember 8-12; Iloilo City, Philippines (In press).
Corre KG. Prawn nursery and grow-out rearing operations. 
Juario JV, Benitez LV, eds. Perspective in Aquacul­
ture Development in Southeast Asia and Japan: pro­
ceedings of the Seminar on Aquaculture Development 
in Southeast Asia. 1987 September 8-12; Iloilo City, 
Philippines (In press).
Duray M, Juario JV. SEAFDEC AQD contribution to 
broodstock development and seed production of the 
siganid, Siganus guttatus (Bloch) and sea bass, Lates 
calcarifer (Bloch). Juario JV, Benitez LV, eds. Pers­
pective in Aquaculture Development in Southeast 
Asia and Japan: proceedings of the Seminar on Aqua­
culture Development in Southeast Asia. 1987 Sep­
tember 8-12; Iloilo City, Philippines (In press).
Estepa F, Honculada-Primavera J. Prawn hatchery. Juario 
JV, Benitez LV, eds. Perspective in Aquaculture De­
velopment in Southeast Asia and Japan: proceedings 
of the Seminar on Aquaculture Development in 
Southeast Asia. 1987 September 8-12; Iloilo City, 
Philippines (In press).
Fermin AC. Larval rearing of bighead carp, (Aristichthys 
nobil is Richardson) using different types of feed and 
their combination. Aquaculture Fish. Manage.
Fermin AC. Broodstock development and management and 
seed production of carp and tilapia. Juario JV, Beni­
tez LV, eds. Perspective in Aquaculture Development 
in Southeast Asia and Japan: proceedings of the 
Seminar on Aquaculture Development in Southeast 
Asia. 1987 September 8-12; Iloilo City, Philippines 
(In press).
Ferraris RP, Almendras JM. Changes in plasma osmotic and 
chloride concentrations during abrupt transfer of 
milkfish (Chanos chanos) from seawater to different 
test salinities. Aquaculture.
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Garcia LMB, Marte CL, Travina VS. A collecting gear 
for naturally spawned milkfish (Chanos chanos 
Forsskal) eggs in circular floating net cages. Aquacul­
ture.
Garcia LMB, Toledo JB. Critical factors influencing survival 
and hatching of milkfish (Chanos chanos Forsskal) 
eggs in circular floating net cages. Aquaculture.
Gerochi DD. Comparison of the silo and broadcast methods 
of applying organic fertilizer in milkfish Chanos 
chanos Forsskal in ponds. Aquaculture.
Llobrera AT. Current fish disease problems in the Philip­
pines. Proceedings of the IDRC Fish Health Work­
shop. 1986 May 30; Manila, Philippines.
Llobrera JA, Neill WH. Growth, molting, food ingestion, 
and absorption in Macrobrachium rosenbergii in re­
lation to dissolved oxygen: proceedings Aquaculture 
Europe '87.
Marte CL. Milkfish culture and artificial propagation. Pro­
ceedings of the Third International Symposium on 
Reproductive Physiology of Fish.
Marte CL. Broodstock development and management and 
seed production of milkfish. Juario JV, Benitez LV, 
eds. Perspective in Aquaculture Development in 
Southeast Asia and Japan: proceedings of the Semi­
nar on Aquaculture Development in Southeast Asia. 
1987 September 8-12; Iloilo City, Philippines (In 
press).
Millamena OM, Bombeo RF, Jumalon NA, Simpson KL. 
The effects of various diets on the nutritional value of 
Artemia as feed for marine crustacean Penaeus mono- 
don (Fabricius). Mar. Biol.
Pantastico JB, Baldia JP, Espegadera C, Reyes D Jr. Cul­
ture and utilization of algae in Southeast Asia: 
proceedings. Trono G, Tabbada R, eds. 1981 Decem­
ber 8-11; Iloilo City, Philippines (In press).
Primavera JH. Aquaculture training program of the 
SEAFDEC Aquaculture Department. Juario JV, Be­
nitez LV, eds. Perspective in Aquaculture Develop­
ment in Southeast Asia and Japan: proceedings of 
the Seminar on Aquaculture Development in South­
east Asia. 1987 September 8-12; Iloilo City, Philip­
pines (In press).
Santiago CB, Aldaba MB, Laron MA, Reyes OS. Reproduc­
tive performance and growth of Nile tilapia (Oreo­
chromis niloticus) broodstock fed diets containing 
Leucaena leococepala leaf meal. Aquaculture.
Sitoy HS. Bivalve culture research at SEAFDEC AQD. 
Juario JV, Benitez LV, eds. Perspective in Aquacul­
ture Development in Southeast Asia and Japan: pro­
ceedings of the Seminar on Aquaculture Development 
in Southeast Asia. 1987 September 8-12; Iloilo City, 
Philippines (In press).
Trino AT, Fortes RD. Food preference of wild milkfish 
juveniles in connection with habitat and food availa­
bility. J. Aquaculture Trop.
Trino AT, Fortes RD. Relationship of food consumed with 
growth of sea bass Lates calcarifer (Bloch). Asian 
Fish. Sci.
Tuburan IB. The effect of stunting on the growth of 
milkfish (Chanos chanos Forsskal) in a straight cul­
ture system. Aquaculture.
Tuburan IB. Gerochi DD. Milkfish nursery and grow-out 
culture. Juario JV, Benitez LV, eds. Perspective in 
Aquaculture Development in Southeast Asia and 
Japan: proceedings of the Seminar on Aquaculture 
Development in Southeast Asia. 1987 September 
8-12; Iloilo City, Philippines (In press).
Tuburan IB. Water replenishment and fertilizer application 
schemes in milkfish brackishwater ponds. Aquacul­
ture.
Villaluz AC, MacCrimmon HR. Meristic variations in milk­
fish Chanos chanos from Philippine water. Mar. Biol.
PAPERS PRESENTED IN 1987 SCIENTIFIC MEETINGS
Basiao ZU, Arago A. A preliminary investigation of some 
blood properties of Oreochromis mossambicus and 
red tilapia. Second International Symposium on 
Tilapia in Aquaculture; Bangkok, Thailand, 16-20 
March.
Camacho AS. An overview of the Philippine fishpond in­
dustry. Workshop on National Strategy for the Sus­
tainable Development of Forestry, Fisheries and Agri­
culture; Manila, 30-31 March.
Camacho AS, Lagua NM. Country paper and overview of 
the Philippine aquaculture industry. Seminar on 
Aquaculture Development in Southeast Asia; Iloilo 
City, Philippines, 8-12 September.
Carlos MH, Santiago CB. Nursery and grow-out of tilapia 
and carp. Seminar on Aquaculture Development in 
Southeast Asia; Iloilo City, Philippines, 8-12 Sep­
tember.
Centeno JD, Santiago AE, Borja AS. The carrying capacity 
for aquaculture of the Laguna de Bay in the Philip­
pines. 1987 North American Lake Management 
Society Conference; Orlando, Florida, U.S.A., 4-7 
November.
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Corre KG. Prawn nursery and grow-out rearing operations. 
Seminar on Aquaculture Development in Southeast 
Asia; Iloilo City, Philippines, 8-12 September.
Cruz ER, De la Cruz MC, Sunaz NA. Histophathological 
and nematological changes in Tilapia mossambica 
intoxicated with pesticides. Second International 
Symposium on Tilapia in Aquaculture; Bangkok, 
Thailand, 16-20 March.
Duray M, Juario JV. SEAFDEC AQD contribution to 
broodstock development and seed production of the 
siganid, Siganus guttatus (Bloch), and sea bass, Lates 
calcarifer (Bloch). Seminar on Aquaculture Develop­
ment in Southeast Asia; Iloilo City, Philippines, 8-12 
September.
Estepa F, Primavera JH. SEAFDEC AQD contribution in 
maturation and seed production of Penaeus mono- 
don. Seminar on Aquaculture Development in South­
east Asia; Iloilo City, Philippines, 8-12 September.
Fermin AC. Broodstock development and management and 
seed production of carp and tilapia. Seminar on 
Aquaculture Development in Southeast Asia; Iloilo 
City, Philippines, 8-12 September.
Gonzales-Corre K. Polyculture of the tiger prawn Penaeus 
monodon Fabricius) with Nile tilapia (Tilapia nilotica 
Linnaeus) in brackishwater fishponds. Second Inter­
national Symposium on Tilapia in Aquaculture; 
Bangkok, Thailand 16-20 March.
Lacanilao F. Constraints and prospects in aquaculture de­
velopment. First Congress of the Asia and Oceania 
Society for Comparative Endocrinology; Nagoya, 
Japan, 4-7 November.
Lacanilao F. Seafarming: key to sustained fish self-suffi­
ciency. 1st In t'l . Agro Equipment/Technology Ex­
hibition and Conference; Manila, 4-8 November.
Lio-Po GD, Billiones R, Villegas CT. Induction of bacterial 
infection in Oreochromis mossambicus. Pacific 
Science Congress; Seoul, Korea, 20-30 August.
Marte C. Induced gonadal maturation and rematuration of 
milkfish — Limited success with chronic administra­
tion of testosterone and gonadotropin-releasing hor­
mone analogues (GnRH-A). Fish Breeding Workshop; 
Singapore, 7-10 April.
Marte CL. Milkfish culture and artificial propagation. Third 
International Symposium on Reproductive Physiolo­
gy of Fish; New Foundland, Canada, 2-7 August.
Marte CL. Broodstock development and management and 
seed production of milkfish. Seminar on Aquaculture 
Development in Southeast Asia; Iloilo City, Philip­
pines, 8-12 September.
Marte CL, Lam TJ. Hormonal changes accompanying sexual 
maturation in milkfish Chanos chanos Forsskal. The 
First Congress of the Asia and Oceania Society for 
Comparative Endocrinology; Nagoya, Japan, 4-7 
November.
Primavera JH. Aquaculture training program of the 
SEAFDEC Aquaculture Department. Seminar on 
Aquaculture Development in Southeast Asia; Iloilo 
City, Philippines, 8-12 September.
Primavera JH, Posadas R, Aquino N. Feeding rhythm of 
Penaeus monodon. Guayaquil, Ecuador, 18-23 
January.
Romana MRR. Electrophoretic studies on induced gyno­
genetic diploids and triploids in tilapia (O. niloticus 
and O. aureus). Second International Symposium on 
Tilapia in Aquaculture; Bangkok, Thailand, 16-20 
March.
Santiago AE. Feasibility study on a waste-water treatment 
fish farming system for cola wastes. Second Interna­
tional Symposium on Tilapia in Aquaculture; Bang­
kok, Thailand, 16-20 March.
Santiago CB, Aldaba MB, Reyes OS, Laron MA. Response 
of young Nile tilapia to diets containing Azolla meal. 
Second International Symposium on Tilapia in Aqua­
culture; Bangkok, Thailand, 16-20 March.
Sitoy HS. Bivalve culture research at SEAFDEC Aquacul­
ture Department. Seminar on Aquaculture Develop­
ment in Southeast Asia; Iloilo City, Philippines, 8-12 
September.
Tuburan IB, Gerochi DD. Milkfish hatchery and grow-out 
culture. Seminar on Aquaculture Development in 
Southeast Asia; Iloilo City, Philippines, 8-12 Septem­
ber.
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Ph. D. (Zoology) 




M. S. (Botany) 




M. S. Fisheries (Aquaculture) 
University of the Philippines 
1986
Fish Hatchery
36. Garcia, Luis Maria
M. S. (Zoology) 









M. S. (Economics) 





M. A. (Economics) 





M. S. (Zoology) 





Ph. D. (Marine Biology) 









Ph.D. (Fish Physiology) 










B. Fisheries (Fishing Culture) 
Tokyo Fisheries University 
1964
Pond Culture
46. Licop, Ma. Suzette
M.S. (Zoology)/ 
M. Aquaculture 





Ph. D. Food Science and 
Technology (Microbiology- Post­
harvest handling) 




Ph. D. Fisheries Science 
(Aquatic Ecology) 




M. S. (Zoology) 
University of the Philippines 
1971
Fish Breeding
50. Mesa, Imelda de
M. Statistics/M. A. (Economics) 




M. S. Fisheries (Aquaculture) 




M. Engineering (Public Health 
Engineering) 




AQD ANNUAL REPORT '87 5 3
53. Palisoc, Fermin
M. S. (Zoology) 










Ph. D. (Nutrition) 




56. Peña, Milagros Dela
M. S. (Marine Biology) 





M. A. Agriculture (Animal 
Science)










M. S. (Marine Biology) 




M. Public Health (Microbiology) 




M. S. Fisheries (Aquaculture) 















64. Romana, Ma. Rowena
M. S. (Genetics) 





M. S. Fisheries (Aquaculture) 





M. S. Fisheries (Aquaculture) 




Ph. D. (Oceanography) 
















M. S. (Biology)/ 
M. Aquaculture 
University of San Carlos/ 





M. S. (Plant Pathology) 









M. S. Fisheries (Aquaculture) 




M. S. Fisheries (Aquaculture) 
University of the Philippines 
1983
Pond Culture
54 AQD ANNUAL REPORT '87
75. Tamse, Catherine*
M. S. Fisheries (Aquaculture) 
University of the Philippines 
1979
Fish Health
76. Tan, Josefa 
M. S. (Zoology)




M. S. (Marine Biology) 





M. S. Fisheries (Aquaculture) 




M. S. Fisheries (Aquaculture) 





University of the Philippines 
1984
Cage Culture
81. Ver, Leo Michael*
M. S. (Marine Biology) 




M. S. (Zoology) 





Ph. D. Agriculture (Plant Breeding) 
Iowa State University 
1970
Fish Breeding and 
Genetics
84. Young, Paciencia*
M. S. (Biology) 





SEAFDEC Aquaculture D epartm ent
Tigbauan 5021 
Iloilo, Philippines
ILOILO LIAISON OFFICE 
SEAFDEC Aquaculture Departm ent 
P.O. Box 256, Iloilo City 5000 
Philippines
Cable Address: SEAFDEC ILOILO CITY 
Tel. 7-66-42
MANILA LIAISON OFFICE 
SEAFDEC Aquaculture D epartm ent 
Suite 901, State Financing Center Bldg. 
Ortigas Ave., M andaluyong 1501 
M etro Manila, Philippines
Cable Address: SEAFDEC MANILA 
Telex: 29078 SEAFDC PH 
Telefax: 7211342 
Tel. 721-57-68 to  70
AQD ANNUAL REPORT '87 55
AQD Organization Chart
OFFICE of the 
CHIEF


































56 AQD ANNUAL REPORT '87
AQUACULTURE DEPARTMENT 
SOUTHEAST ASIAN FISHERIES DEVELOPMENT CENTER 
Tigbauan, Iloilo, Philippines
